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Executive Summary
Lake Victoria, is important as a source of fish, clean water, an avenue for transport and in
scientific study. The native fishery of the lake has collapsed, fish species diversity
decreased and the environinent of the lake deteriorated due to human activities. A Lake
Victoria Environmental Management Project (LVEMP) was designed to realise a healthy
and varied ecosystem of Lake Victoria which is inherently stable and capable of
supporting, in a sustainable way the many human activities in the lake and its basin.
The fish biology and biodiversity conservation sub-component of LVEMP is to provide
the knowledge required for sustainable use of fisheries and conservation of biodiversity.
This is to be achieved through improvement of infrastructure and manpower, providing
information in biology and ecology of fishes and on biodiversity of flora and fauna,
setting up of conservation and education facilities and demonstrations, preparing of
information dissemination materials, and disseminating the information.
Improvement of infrastructure, manpower and planning involves procurement of
equipment and supplies, identification and recruitment of project staff, procurement of
consultants, long term (PhD & MSc) and short term training, project planning meetings,
and conducting of national and regional technical review and harmonisation workshops.
In Uganda field surveys cover inshore and offshore waters of Napoleon gulf, River Nile,
Nabugabo lakes, Koki lakes, Lake Wamala and Kyoga satellite lakes.
The biology and ecology of fishes include Nile perch, Tilapiines, Rastrineobola argentea.
Haplochromines, Labeo. Bagrus. Clarias, Protopterus, and trophic ecology of fishes.
This includes information on population structure, diet, condition factor and reproductive
biology.
Biodiversity conservation includes ecosystem diversity, species diversity, and genetic
diversity. Ecosystem diversity covers shoreline, littoral and open water characteristics,
water depth, bottom type, water transparency, temperature, oxygen, pH, conductivity,
and chlorophyll concentration. Species diversity covers fishes, other vertebrates
(mammals, birds, reptiles), invertebrates, phytoplankton, and aquatic macrophytes, their
composition, relative abundance, population structure, and distribution. Factors
impacting species diversity include the role of rocky, macrophytes & oxygen refugia,
introduced species especially Nile perch, water hyacinth, and human exploitation.
Genetic diversity covers Haplochromines, tilapiines, Labeo. Bagrus, Clarias, .,.
Protopterus, and Nile perch. :'
Setting up conservation and education facilities involves rehabilitation and setting up
museum, setting up of exhibits at Uganda museum, rehabilitation and setting up aquaria
at FIRI, setting up aquaria and displays in Uganda Museum, setting up aquaria in Entebbe
Zoo, habitat manipulation demonstrations, and mapping out areas for protection .
. -
Preparation of information dissemination materials includes wntmg of books on
"Biology and Ecology of Fishes", and on "Biodiversity of Lake Victoria", preparation of
booklets, taxonomic guides, brochures, posters, video films, GIS maps of aquatic
biodiversity, and CD Rom on taxonomy of aquat,ic organisms.
Information dissemination includes training of extension agents, community sensitization
workshops, talks to educational institutions, mass media events (radio, TV & press
release), national & regional conferences & workshops, international workshops, and
organising one international workshop at end of project.
The sub-component is implemented by fish biologists & ecologists, a fish taxonomist, an
invertebrate biologist, a phytoplankton biologist, an aquatic macrophyte biologist, a
biologists for other vertebrates (mammals and birds, reptiles); a population geneticist, a
museum and aquarium attendant, data processing assistants, a secretary, drivers,
coxswains, and an extension officer.
The budgetary for the period 1999 - 2002 (in '000 US $) is equipment & supplies (446),
training & workshops (452), consultants (240), staff salaries (83), field surveys and
office expenses (634), preparation of information dissemination materials (141), setting
up of conservation and education facilities (68), and information dissemination (58).
Total (2122).
The monitorable indicators are the number of equipment & supplies procured,. staff
trained, field trips undertaken & the quantity of .data collected, books on "The Biology
and Ecology of Lake Victoria Fishes", and on "Biodiversity bf Lake Victoria", protected
areas identified and mapped, museum rehabilitated and functional, aquaria rehabilitated
and functional, habitat manipulation demonstrations in place, technical review workshops
& their reports, conferences attended and copies of papers presented, lakeside
communities sensitised, brochures, booklets and books, taxonomic guides posters, video
produced & distributed, extension agents trained, community workshops & their reports, .
TV and radio programmes, press releases, and talks to educational institutions.
The highlights of progress so far include acquisition of 4 vehicles, I boat and 4 canoes,
one officer on PhD training, students on thesis training at Makerere, one national and two
regional technical review workshops conducted, field trips to Napoleon Gulf, Nabugabo
and Koki lakes, Lake Wamala and Kyoga Minor lakes, literature survey initiated,
rehabilitation of museum and aquaria initiated; content of the two books .defined; data on
biodiversity of flora and fauna and on biology and ecology of fishes.
Some of the constraints encountered include disruption in flow of funds due to closure of
the project bank, delays in procurement of equipment and supplies and inadequate project
personnel
2
..'
., .
,.
Chapter 2
Biodiversity Conservation in Relation to Aquatic Resources
Biodiversity is the natural biological capital of the earth and represents important
opportunities for all nations. It provides goods and services which support human
livelihood. The protection of these assets, and their sustainable exploitation offer the means
by which humanity can hope to sustain his own well being. Losing of genes within species,
species within ecosystems and ecosystems within regions result into disturbances within the
environment and reduces the benefits that the system can supply. The United Nations
Convention on Biological Diversity (CBD) which came into effect at the Earth's Summit in
Rio de Jeneiro in June 1992 defines Biological Diversity as "the variability among living
organisms from all sources including inter lilia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes of which they are part; this includes diversity
within. species; between species and ecosystems".
Genetic Diversity
The gene constitutes the raw material upon which evolution acts to produce new species.
Maintenance of genetic diversity is important in supplying the variety of organisms on earth.
The environment acts on this diversity to produce new species and genetic manipulation has
been the source of many exploited organisms especially in agriculture. Conservation of this
genetic diversity is therefore important in maintaining the pool from which the earth's needs
can be derived.
Biodiversity in relation to Aquatic Ecosystem
The CBD has started focusing a major part of its effort on .aquaticecosystems. Biodiversity
of inland waters was a main agenda item for the meeting of the CBD's Subsidiary Body for
Scientific Technical and Technological Advice (SBSTTA)that was held in Montreal in
September 1997 and for the fourth Conference of Parties (COP) held in Brastislava in May
1998.
The CBD sets obligations for the Parties to document their biological diversity evolve
strategies and action plans for its conservation and sustainable use, and equitable use of its
components. Uganda is a signatory to the CBD. It is therefore obliged to fulfil the
provisions of the convention. This report discusses the' status of aquatic biodiversity in
Uganda, identifY the threat to aquatic biodiversity, and suggest strategies and action plans to
ensure the conservation and sustainable use of its components. The report is part of the
overall biodiversity strategy and action plan for Uganda, which was prepared by the
National Environmental Management Authority (NEMA). The terms of reference for the
aquatic biodiversity sub-sector component are given in Annex I to this report.
Aquatic Systems of Uganda
Uganda is rich in aquatic resources. Up to 17% of Uganda's surface areas is covered by
lakes, rivers and swamps. There are five major lakes (Victoria, Kyoga, Albert and Kwania,
Edward and George), about 160 small lakes and a high network of rivers and streams. The
distribution of these lakes is given in Figure I, the areas of the main lakes is given in Table I
and the length of the major rivers is given in Table 2. Lake Victoria is the largest tropical
lake and the second largest lake in the world. It has a surface area of 68,800 km2, a
shoreline 3,450 km long, a catchment area of 193,000 km2, a mean depth of 40 m and a
maximum depth of 79m. The lake is shared between Kenya (6%), Uganda (43%) and
Tanzania (51%). Lakes Kyoga and Kwania are located wholly within Uganda. They cover
an area of 2047 km2. The lakes are shallow with an average depth of 3 m to 4.5 m: Lake
Albert is located in the western rift valley. It covers about 5,335 km2 and is shared between
Uganda (54%) and Democratic Republic of Congo (46%). Lake Edward (2203 km2) is
shared between Ugand.a (29%) and the Democratic Republic of Congo (61%). Lake
Edward is connected to Lake George via the Kazinga Channel. Lake George is situated
astride the equator in the western arm of the East African rift valley at an altitude of 914 m.
It is a shallow lake with a mean depth of 2.5m, a maximum depth of 4m and covers an area
of250 km2. The lake is wholly in Uganda. Most of the lake is bordered by Queen Elizabeth
National Park.
There are about 160 minor lakes scattered in various parts of Uganda but are mainly
concentrated in the districts of Kabale, Mbarara, Kyotera and Kabarole in southern Uganda
and Kamuli, Palisa, Kumi and Soroti in eastern Uganda. They fall in five groups
comprising: Lake Wamala, Nabugabo lakes, Koki lakes, the minor lakes of western Uganda,
the Kyoga minor lakes. Lake Wamala is located in Mubende District. Its area varies from
100 to 180 km2 depending on the amount of rainfall. Nabugabo lakes include five satellite
lakes (Nabugabo, Manywa, Kayugi, Kayanja and Kitunda) located near the western shore of
Lake Victoria. The Kyoga minor lakes complex consist of over 24 small lakes all of which
are joined to each other and to the main Lake Kyoga by extensive swamps. The Koki lakes
are located in south-western Uganda and consists of lakes Kijanebalola, Kachera, Mburo,
Nakivali plus about 14 smaller lakes. They are 3 to 4 m deep and are associated with
extensive swamps. The minor lakes of western Uganda include lakes Bunyonyi, Mutanda,
Mulehe, Chahafi, Kayumbu etc. These are mainly volcanic lakes. Uganda has extensive
river systems and is the source of African longest river the Nile ...Other rivers include Aswa,
Dopoth-Okot, Paget, Katonga, Mayanja-Kato, Mpologoma. The lengths of these rivers is
given in Table 2.
Most of the lakes and rivers are associated with wetlands. Wetland ecotones are important
breeding and nursery grounds for fish. They reduce contamination of open waters by
buffering inputs from the catchment and are used in wastewater treatment. They also assist
in maintaining water regimes. Wetlands have valuable products such as papyrus, clay and
sand. Unsustainable exploitation of these resources can impact aquatic biodiversity.
Economic Importance of Aquatic Biodiversity
The aquati~ systems are important sources of fish, which is the primary food commodity
exploited by man. Fish is the cheapest source of animal protein food in Uganda. The
fishing industry provides employment for 0.5 to I million Ugandans. It is a major source of
income and in 1995 eamed Shs 77.9 billion (US $ 7&million) at the landings. It is a major
export commodity which currently ranks second only to coffee in export earnings. In 1996
it fetched US $ 40 million in export. Some of the fishes are of scientific value and are
valuable in evolutionary and ecological sfudies. The other aquatic organisms are also
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•important in maintaining a stable ecosystem. Some fish species are of medicinal value. The
algae, macrophytes and invertebrates provide food for fish and are important in sustaining a
stable productive ecosystem.
Ownership and use of Aquatic Resources
One of the biggest problem facing management of aquatic systems is that of ownership. All
natural water systems in Uganda are public property. As a result of this the fisheries on
most of the lakes are open access fisheries where exploitation is not adequately controlled.
There is currently no control of fishing effort on all the lakes in Uganda except for lakes
George and Wamala where fishing effort is supposed to be controlled by law but this is in .
reality never effected
Table 1. The major lakes in Uganda
Name oflake Total Area (km') Area in Uganda (km') Depth (m)
Victoria 68800 28655 79
Albert 5335 2913 51
Kyoga & Kwania 2047 2047 7
Edward 2203 645 117
George 246 246 3
Bisina 308 308
Table 2. The major rivers of Uganda
Name of river Length (km)
Victoria Nile 426
Albert Nile 257
Aswa 357
Dopoth-Ckot 314
Paget 232
Katonga 182\
Mayanja.Kato 175
Mpologoma 173
Source: NEAP (1993).
3
'! rI •
. 1
,:.. ',
.
'r
Changes in Biodiversity in Lake Victoria and its implication on fisheries and
"ecosystem functioning
The Victoria lake basin contains Lake Victoria and several satellite lakes along with
extensive wetlands. Downstream, it is connected to Lake Kyoga via the Victoria Nile (Fig.
I). Lake' Victoria is the second largest freshwater lake in the world and the largest tropical
lake. It has a surface area of 68,800 km2 and a catclunent area of258,000 km2. The lake is
shared between Tanzania (51%), Uganda (43%) and Kenya (6%). Like two other African
. Great lakes, (Malawi and Tanganyika), Lake Victoria had very high fish species diversity ..
These lakes represent the' most spectacular examples of very rapid speciation, best
demonstrated by haplochromine cichlid fishes. There were over 300 species of
haplochromines in Lake Victoria,'ofwhich more than 99% were l(ndemic. Lake Kyogaand
the other satellite lakes around Lake Victoria had similar native fish faunas .
The catclunent of Lake Victoria encompasses a population of about 30 million people, who
depend 'on it as a source of water and food. Historically, Lake Victoria has been a major
source of fish, the cheapest form of high quality proteip for the people around it. In
addition, it provides clean water for domestic and industrial use, moderates regional
climate, receives waste water, and is an important avenue for transport.
Though fish species diversity ill Lake Victoria is still high, it was formerly extraordinary.
The multispecies commercial catch comprised of many highly desirable food fishes. Two
tilapiine species, Oreochromis esculentus and 0. variabilis, which were endemic to the
Victoria and Kyoga lake basins contributed most to the cdinrilercial catches. Riverine
species such as Labeo victorianus the "ningu" and Barbus altinalis '''Kisinja'' formed an
. important fishery along the rivers of the lake basin.
By the 1960's, stocks of the native tilapiines and other large species of Lake Victoria had
been reduced by overfishing. Nile perch and four tilapiine species were introduced into
many of the lakes in the basin, including lakes Victoria and Kyoga in 1950's and early
1960's' to improve stocks of the declining fishery. As stocks of introduced species increased,
stocks of most of the native species declined rapidly or disappeared altogether. Of the more
than 300 native species, only Rastrineobola argentea (Mukene) remained abundant.
Haplochromines dropped from about 80% of the fish biomass in Lake Victoria in 1970s to
less than 1% in 1980s, and about 200 species are feared to have become extinct. These
haplochromines were important as food and were of medicinal, scientific and ecological
value. They occupied all trophic levels and played a miljor role in the flow of energy in the
ecosystem. They were crucial in maintaining the ecosystem thilt supported other food
fishes, as well as the high biodiversity associated with the lake basin. Studies of
haplochromines played a major role in illustrating how organisms undergo adaptive
radiation to produce new species, and how a trophically diverse assemblage can efficiently
utilize an ecosystem.
Changes in the fish species diversity were accompanied by other changes in the fauna, flora
and physico-chemical conditions of the lake. Phytoplankton composition changed lind
became dominated by blue green algae." Diatoms composition changed from' a
4
I
'J
.,'
.,
.....•
"
Ipredominance of Aulocosira (Melosira), to Nitzschia and very tiny centroids. Algal
biomass increased four to five times the values of 1960's, and phytoplankton production
doubled. This caused a decrease in water transparency. Zooplankton composition changed
from mostly calanoid to cyclopoid copepods. The benthic invertebrate community became
dominated by chironomid and chaoborid midges. The prawn Caridina nitotica. and
molluscs increased in abundance. The concentration of vital nutrients changed. Most
notably, the silicon concentration decreased by a factor of 10, and phosphorus and nitrogen
increased.
The reduction in native biodiversity left much of the excess organic matter unconsumed.
Prior to the big shift in the lake's biological communities, more than half of the fish biomass
was contributed by taxa specialized in eating algae and detritus, thus converting this source
of energy into fish flesh rather than decomposing bacteria. lbis disappearance of fish
species along with other factors reduced the ecological efficiency of the lake to the extent
that much of the primary and even secondary productivity (e.g., insects) was no longer
consumed. These organisms died and sunk to the bottom where they decayed, depleting the
water column of oxygen. The result was development of extreme hypoxia in parts of the
lake deeper than 40 m. As a result, large volumes of the lake could no longer support fish or
other aerobic life, and mass fish kills associated with the mixing of deep anoxic waters
become more common. The increase in algal growth seems to have been stimulated by
nutrient inputs from the atmosphere, catchment area and internal mixing within the lake.
Changes in regional climate are also suspected to have contributed to increased water
column stability, reduced mixing, and persistence of the deep water anoxic layer.
Many species had earlier been reduced in abundance' by overfishing. However, the rapid
reduction, especially of haplochromine species, coincided with a cascade of changes that
began with the sudden increase in populations of the introduced predator, Nile perch. The
effects of hypoxia and intense predation probably interacted with competition between
native and introduced cichlids, further aggravating the decline of some of the native fish
species.
Increased Nile perch catches have been a major success in the riparian countries because of
increased fish catches, although it is not known whether the exploitation can be sustained.
There are no means of eliminating the Nile perch from the lake basin. Furthermore, this
would not be desirable because of the enormous economic benefits that are associated with
the Nile perch fishery. In order to maintain sustainable populations of the remaining native
biodiversity, conservation programs need to be devised' and implemented to ensure the
coexistence of all species within the lake basin and a productive ecosystem.
The Lake Victoria Environmental Management Project (LVEMP) ,was designed to
contribute to solving some of these problems. The goal of LVEMP, is: "to realise a
healthy and varied ecosystem of Lake Victoria which is inherently stable and capable of
supporting, in a sustainable way, the many human activities in the lake and its basin".
The objectives of the project are to:
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a) maximize the sustainable benefits to riparian communities from using resources within
the basin to generate food, employment and income, supply safe water, and sustain a
disease-free environment;
b) conserve biodiversity and genetic resources for the benefit of the riparian and global
community.
c) harmonise national management programs in order to reverse increasing resource and
.environmental degradation.
The fish biology and biodiversity conservation sub-component contributes to objective
(b) of LVEMP.
Interaction and interrelationships between different components of aquatic ecosystems
and their relation to the external environment.
Ownership and use of Aquatic Resources
One of the biggest problem facing management of aquatic systems is that of ownership. All
natural water systems in Uganda are public property. As a result of this the fisheries on
most of the lakes are open access fisheries where exploitation is not adequately controlled.
There is currently no control of fishing effort on all the lakes in Uganda except for lakes
George and Wamala where fishing effort is supposed to be controlled by law but this is in
reality never effected.
Relationship between Aquatic System and the External Environment
In assessing the. status of aquatic biodiversity, it is important to identify the different
components of the aquatic ecosystem and how they are related to each other and the external
environment.
The interactions and interrelationships between different components of the aquatic
ecosystems and the external environment is illustrated in Figure 2.
The aquatic ecosystems itself consists of primary producers (algae and macrophytes). The
production process itself is determined by solar energy lind nutrient inputs. These primary
products form the food of higher levels (invertebrates and fish). The invertebrates
themselves are eaten by fish and some fish also feed on each other. When different aquatic
organisms die, they fall to the bottom of the lake and here form the food of detritus and
benthic feeding organisms including fish. The final product out of the lake is fish which is
harvested by man. The aquatic systems are surrounded by wetlands or riparian zones which
link the aquatic systems to the terrestrial environment. 'c.:,
The aquatic. systems receive water from the catchment area (watershed) and from the
atmosphere (airshed). This water can contain pollutants from indUstrial, agricultural, urban
and forest activities. All these materials end up in the lake and have different impacts on'
aquatic biodiversity.
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Besides the fisherfolk who harvest the fisheries, there are many groups who interact in
management of the resources. These include government and non-government
organisations, researchers, collaborators and donor agencies. These groups play an
important role in conservation and sustainable use of aquatic resources.
The status of these different components will be examined in more details. It is important to
realise at the onset that conservation and sustainable use of aquatic biodiverisity will require
adequate undersmding and management of the different components of the aquatic
ecosystem and the external environment affecting it.
Figure 2.
Components of Aquatic Biodiversity
Aquatic ecosystems includes not only target plants and animals esp.ecially fish, which are
harvested by man but also includes many microbial, plant and animal species that, together
sustain the stability of the environment. The future of fisheries management depends upon
management of the different components of the ecosystem and not on management of the
target species alone.
Freshwater primarily consists of the water body itself. However the body of water is
affected by inputs from the watershed and the airshed. Activities in both the watershed and
the airshed affect the structure and functioning of the aquatic ecosystem and determines the
types and diversity of organisms themselves. The diversity of organisms is determined by
the number of different types of habitats. Organisms can lie adopted to live in the near shore
littoral zone, as bottom dwelling benthic organisms, as free floating planktonic life, attached
to plants and other animal (periphyton), in open water areas (limnetic zone). Destruction of
any of the habitats affects the organisms utilising them and ,can cause their extinction and
reduce overall diversity. '
The diversity of organisms in an .ecosystem is also determined by the trophic level that it
occupies in the ecosystem. Some organisms are specialised to feed of phytoplankton,
bottom deposits (benthos), on zooplankton, or fishes. Depletion of the type of food,
especially for highly specialised organisms can cause their extinction.
Primary production processes in a water body are determined by the concentration of
nutrients and by the physico-chemical conditions prevailing in that system. Conservation of
aquatic biociiversity therefore, depends on proper management of all the vital parameters
that support and determine production processes in an aquatic system.
Primary production of phytoplankton is determined primarily by light, temperature and
nutrient concentration. These will determine the types, sizes and number of phytoplankton
present in the lake. The phytoplankton are eaten by the higher trophic levels, primarily
zooplankton., The materials which die and drop to the bottom are eaten by benthic
organisms especially macro-invertebrates. These organisms are eaten by fish which is
finally harvested by man. Its is this association which determines the biodiversity of
?rganisms in an aquatic system and other organisms. '
7
The trophic Cascade Theory
The relationship between organisms can be explained using a trophic cascade theory.
Increased nutrient loading into the aquatic ecosystems could come from the catchment,
precipitation, or from internal recycling. Nutrient inputs from the catchment area can
increase due to changing land use practises, in particular, increased use of fertilisers,
devegatation, and growth of human population. Internal nutrient recycling in aquatic
ecosystems mainly occurs through mixing and upwelling. Feeding and excretion by fish
, and zooplankton release nutrients and enhance internal recycling of nutrients.
According to the trophic cascade theory, changes in the composition and abundance of a
piscivores (fish) can alter composition and abundance of planktivores (micro and macro-
invertebrates). Then grazing by the planktivores can alter the composition and abundance of
algae (Carpenter et al. 1985).
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CHAPTER THREE
The major aquatic systems of the Victoria and Kyoga lake basins
(~fJ.)
1. Introduction
1.1 Background
The Victoria and Kyoga lake basins form the major aquatic system of this study (Fig. I).
The two lake basins share a common evolutionary history and have similar native fish
faunas (Graham 1929, Worthington 1929). The two main lakes have also had similar
impacts by introduction of Nile perch Lates niloticus and therefore these two lakes can be
considered to be similar for ichiogeographical purposes. These lake basins have many
satellite lakes isolated from one another and from the main lakes Victoria and Kyoga by
swamps and other barriers. Some of these satellite lakes still possess stocks of endemic
fish species which are almost extinct from the main water bodies. It was therefore
considered that understanding of these lakes would contribute to the knowledge base
required to solve some of the problems experienced in Lake Victoria and Kyoga especially
the loss in trophic diversity arising.
The study was carried out in these two main water bodies (Kyoga and Victoria) and on
other satellite lakes e.g Wamala, Kachera, Mburo, Kayanja and Kayugi in the Victoria
lake basin and lakes Nawampasa, Nyaguo, Agu, Gigate, Lemwa and Kawi in the Kyoga
lake basin (Figs. 2, 3, 4, 5 & 6).
I. 2 Lake Victoria
Lake Victoria is the largest tropical lake in the world and comprises some territory of
Tanzania, Kenya and Uganda. It is stuated 1134 m above sea level and has a surface area of
68800 km2• The lake is roughly square in shape; its greatest length and width being about
400 and 320 km respectively. Much of the lake is less than 40 m deep and the deepest part;
60-90 m, is in the north east. The bottom is mainly covered by thick layer of organic mud,
but with patches of hard sabstrate, sand or rock (Scholtz et al. 1990). The coastline is
indented with many bays and gulfs. The Kagera and Nzoia Rivers are the principal
influents while the only outflow occurs to the River Nile via Lake Kyoga.
1.3 Lake Kyoga
Lake Kyoga is situated between longitude 32° 05'E to 33° 35' E and 1° OS' N to 1° 55' N.
It is at an altitude of 1037m above sea level and covers an area of 2047 km2 • It has an
average depth of 4 m and a maximum depth of 7 m. The lake is fed by rivers, Sezibwa,
Mpologoma and the Victoria Nile as it turns out of the lake northward, runs down the
Murchishon falls and pours into lake Albert.
It consists of two main arms namely Lake Kwania and Lake Kyoga proper plus a series of
smaller lakes which are separated from the main lake by swamps. Most of the shoreline of
Lake Kyoga main is fringed with Cyperus papyrus, Phragmites mauritianus and Ipomea
involucrata.
2. Lakes in the Victoria lake basin
Lakes Kachera and Mburo are part of a complex of lakes Kachera, Kijanebalola,
Nakivali, Mburo, normally referred to as the Kooki lakes (Fig. 2). The Kooki lakes are
located in an extensive swamp and have one main inflow river Ruizi and one out flow
river Kibali which discharges into the Sango Bay of Lake Victoria.
2.1. Lake Kachera
Lake Kachera is located at 0° 35'S; 31° 07' E, altitude 1230m. It has a total surface area
of 36.3 km2, and a maximum depth of 4.1 m. It has a maximum length of 20.0 km and
width 00.5 km. However, the size and shape of the lake varies from time to time due to
floating islands. Fish samples were collected from three stations on the lake, namely;
Lwebiriba, Katete and Lwanga.
2.2. Lake Mburo
Lake Mburo is located at 0° 40'S; 30° 56' E altitude 1230 m. It has a total surface area of
10.4 km2, a maximum length of6.0 km and width of3 km. However, the size and shape
vary from time to time due to floating islands. In 1983 Lake Mburo was gazetted as a
National Park (Burgis et ai., 1887) and therefore fishing was restricted. Fish samples
were collected from three main landings on the lake, namely; Butibubiri, Nyanga and
Rwonyo.
2.3. Lakes Kayugi
Lakes Kayugi, Kayanja and Manywa (Fig. 3) are apart of the Nabugabo lakes complex.
Lakes Kayugi and Manywa are about 0.5 km with a total combined area of about 0.2 km2•
These two lakes are joined and surrounded by a thick papyrus swamp which is connected
to Lake Nabugabo via River Juma. Lake Kayugi has a maximum depth of about 3.0 m.
The swamp around these two lakes (Kayugi and Manywa) is served by River Kagona
from the North west.
2.4. Lake Kayanja
Lake Kayanja is not directly connected to Lake Nabugabo. It has a surface area of about
1.2 km2 with a maximum depth of about 3.0 m. Apart from the eastern shoreline, the lake
is surrounded by an extensive Loudentia phragmitoides- dominated swamp. The swamp
around this lake is fed by Rivers Nzonsemu and Kikoma from the North- west and drains
via River Kanwa east wards, into Nakiga Bay of Lake Victoria.
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2.5. Lake Wamala
Lake Wamala is a small lake, located in Mubende district (about 70 km. west of
Kampala) (Fig 2). It lies within 00 15'N and 31045' - 32° O' E in central Uganda. It is at an
altitude of 1000m. Its area varies from 100 to 180 km2• It is fed by rivers Nyanzi,
Kabasuma, Bimbye, Mpamujugu and Nabakazi. Some of these rivers are seasonal. The
shoreline is. covered in some areas with long extensive papyrus swamps (Cyperus
papyrus), (Okaronon,1995), Acacia spp .. Leersia hexandra. Typha capensis, water lilies
(Pistia stratiotes), and Jussiaea spp. Estimations made during the study show that the
width of these macrophytes is about 50 metres. There are many floating sudds (Figures
5).
3. Lakes in the Kyoga lake basin
The lakes are located between longitude 320 051 E to 330 351 E and Latitude 10 051 N
to 10551 N, at an altitude of 1037m above sea level. They are located in an extensive
swamp east of Lake Kyoga. The swamp consists of two main arms i:e the south-eastern
arm (which is part of the Mpologoma swamp) and the north- eastern arm.
3.1. Lake Lemwa
.Lake Lemwa has a surface area of about 10 km2 with a maximum depth of 3.6 m and an
average depth of 3.1 m. The lake is almost covered by open waters with lots of sudds. The
shoreline is dominated by Cyperus papyrus swamp.
3.2. Lake Kawi
Lake Kawi has a surface area of about 5 km2 with maximum depth of 3.7 m and an average
depth of3.2 m. The lake is dominated by open waters with lots ofsudds. The shoreline is
fringed with Cyperus papyrus swamp.
3.3. Lake Agu
Lake Agu has a surface area of about 4 km2 with a maximum depth of 2.6 m and an average
depth of2.2 mooAbout two thirds of the lake surface is open water. The rest are areas with
aquatic dense macrophytes mainly Nymphea sp and Ceratophyllum sp. The shoreline
vegetation is fringed with grass (Miscanthidium sp) and bladderwort (Utricularia sp)
3.4. Lake Nyaguo
Lake Nyaguo has a surface area of about 33 km2 with a maximum depth of 2.8 m and an
average depth of 2.4 m. The lake is mainly dominated by openwaters with lots of sudds.
The shoreline vegetation is dominated by Cyperus papyrus and other swamp vegetation.
3.5. Lake Gigati
Lake Gigati has a surface area of about 1.7 km2 with a maximwn depth of 2.6 m and an
average depth of 2.4 m. About two- thirds of the lake is open water in the middle of the
lake. The rest are inshore areas with a vegetated zone of water lilies Nymphea sp. and
submerged Ceratophyllum sp. The shoreline vegetation of this lake is fringed mainly with
Typha domingensis.
3.6. Lake Nawampasa
Lake Nawampasa has a surface area of about 8 km2; with maximwn depth of 3.1 m and an
average depth of 2.6 m. The lake can be divided into three zones. The first zone which
comprises of about two-thirds of the lake surface area consists of an open water section in
the middle of the lake, the second section is a belt of dense aquatic macrophytes consisting
of submerged plants Ceratophyllum sp. and the floating water lilies mainly Nymphea sp.
This area is separated from the open water area by an edge of Ceratophyllum sp. which
effectively reduces the mixing of the turbid water with clear water. This zone between the
clear inshore water and the turbid water forms the third zone. The shoreline vegetation is
mainly Vossia cuspidata and some Cyperus papyrus swamp on the end where there is a
channel that connects this lake to the main Lake Kyoga. Some stationery mats of water
hyacinth were present at Nkone landing site.
Rivers
The Ugandan portio of Lake Victoria is attached to three Rivers of which two are flowing
into the Lake i.e Rivers Kagera and Katonga and and one is draining out of the lake i.e by
the Victoria Nile. In this study, samples have been taken from the Victoria Nile.
Summary table of the studied areas
Lake Altitude Longitude Latitude Surfac Depth Width Length Inflowrivers outflowriver comments
(m) e area
Victoria 1134 68800 max60- Max max Kagera and Nile Coast indented by many bays and
90 320 400 Nzoia gulfs
AveAO
Kyoga 1037 32oo5'E I005'N 2047 ave. 4 Sezibwa, Albert Nile Two main Arms i.e Kyoga proper and
to to max. 7 Mpologoma & Kwania. Shoreline fringed by Cyperus
33035'E 1055'N Victoria Nile papyrus. Phragmites mauritianus and
Ipomea involucrata
Kachera 1230 31007 OO35'S 36.3 maxA. max.3. max.20 R.Ruizi R.Kibali
I 5
Mburo 1230 lOA max.3 max. 6 R.Ruizi R.Kibali gazeted as a National park
Kayugi 0.2 max.3 R. Kagona R. Juma sorrouded by a thich papyrus swamp
and is protected by traditional taboos
Kayanja 1.2 max.3 R. Nsonzemu R.Kamwa sorrouded by an extensive Loudentia
& Kikoma phragmitoides thich papyrus swamp
Wamala 1000 31045' - 0015'N 10.0- R. Nyanzi, sorrouded by a thich papyrus swamp,
32oo'E 180 Kabasuma, Acacia sp Typha capensis and has
Bimbye,Mpam many sadds
ujugu &
Nabakazi
Lemwa 10 max. sorrouded by a thich papyrus swamp
3.6
Kawi 5 max. sorrouded by a thich papyrus swamp
3.7
Agu 4 max. sorrouded by grass (Miscanthidium
2.6 sp) & bladderwort
Nyaguo 33 max. sorrouded by papyrus swamp
2.8
Gigate 1.7 max. sorrouded byTypha domingensis
2.6
Nawampasa 8 max. sorrouded by papyrus swamp &
3.1 Vossia cuspidata
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CHAPTER 4
HUMAN ACTIVITIES AND INTERESTS WITHIN AND AROUND LAKES OF THE VICTORIA
AND KYOGA BASIN AND THEIR CONSEQUENCES TO SUSTAINABLE FISH
PRODUCTION.
BY
KIBWIKA DANIEL
Abstract
Of all the great lakes, Lake Victoria has the highest population concentration on its
fringes. This has resulted into serious human impacts on the ecosystem through intense
agricultural activities (cultivation, livestock and over fishing), sporadic settlementS,
urbanization and industrial establishments. The consequences have been loss of animal
and plant life, deforestation and general land degradation, pollution, loss of water quality
and clean air. Aquatic life has become endangered and'less guaranteeing to continued
fish production, Awareness workshops and general talks have been done to a few
selected communities by the lakes landing sites and in the catchment area to mitigate the
deteriorating environmental conditions.
Naturally the situation calls for reversal to, the increasing stress 'of the ecosystem. As a
result, every water bOdy surveyed put forward some mitigation suggestions
Introduction:
Lakes Victoria and Kyoga have a common basin. Around each of these major lakes are
satellite lakes which are part of the system. During the study, the satellite lakes {oo have
been surveyed since they have some influence to the major water bodies. Lakes Victoria
and Kyoga offer ample living conditions. They are a source offish, clean water, avenue
for transport, scientific study, etc. These life amenities have attracted over 20 million
people around them and within the basin. All have interests, which guide their activities.
Unfortunately the activities for survival and other reasons have led them to
environmental degradation. One of the major consequences has heen decreasing fish
production given the over exploitation by fishermen using illegal/unconventional
methods of fishing.
In Uganda alone II fish processing factories have been constructed to get their raw
materials from lakes Victoria and Kyoga thus creating pressure from what it has been.
Land cleared for farming has not been properly cared for, factories emitting fumes and
effluents throughout etc. are some of the other devastating human activities which cannot
be stopped but can be controlled.
Given the above scenario, it is important to appraise the human activities and interests in
the basin and map out ways of effecting sustainable fish production.
" r
.•',
..
Objective.
Improvement of community awareness and commitment to the rational use of natural
resources as a means of safe guarding and protecting Uganda's biodiversity. This is
because there is biodegradation of natural resources all over the lakes basin and the
catchment area which include over fishing, bad agronomic practices. All these in turn
affect the fish production.
Activity/Coverage:
The main activity was to hold talks with communities around the lakes and within the
basin about their environment. Ultimately hoping to help the communities identify their
interests and problems. How to overcome the problems and eventually internalize the
management measures as their own. Lake Victoria. The satellite lakes of Victoria which
include Warnala, Kachera, Kijjanebarora and Mburo. Lake Kyoga, the satellite lakes of
Kyoga which include Nawarnpasa, Gigati, Nakuha, Kawi and Lemwa, the River Nile as
it leaves its source were areas covered as detailed in table I below:
Table I: Landings visited during the survey
Ecological zone visited Landings visited Attendance
Lake Kyoga Biyumba 42
lyingo 44
Kyoga minor satelllite lakes Nawampasa, 8
Naknba, 63
Gigati 27
Kawi 4
and Lemwa 7
LakeWamala Gombe, 67
Kattiko, 70
Bukanaga, 27
Butebi, 40
Lusalira, 105
Buzibazi 89
Nkonya 35
Victoria Nile Bujjagaali, 16
ltanda I &2 19
Lake Victoria Masese, 43
wanyange, 64
Wairaka, 56
Majanji and river Siwo 81
Victoria Minor satellite lakes Kachera - Lwanga & Rukukulu 101
Mburo - Rubare 18
Kijjanebarora -
We were not able to establish the total populations of the landings so as to know the
proportion we were talking to.
Methodology:
In all cases there is information derived by the earlier research. On Lake Kyoga and the
satellite lakes, information was available but not known to people or without their direct
contribution. Equally in the case of Lake Wamala, some old information was available
but not describing the present state of affairs on the lake. On the Nile, little has been
documented in terms of management, so it was a new area of study. Lake Victoria and its
satellite lakes had some information too .In the first and second cases, the FIRI research
liaison extension team would report to the communities either through their local councils
(Les) or the landing community leadership. They would introduce themselves stating
their objectives and therefore ask them to gather all the possible cadres of people on the
landing for a meeting Introductions would be done to ease out barriers and create
harmony in the gathering. Questions would be floated as to who knew the history of the
area or Lake and what was happening to their environment. Whether there were any
changes especially in their fish catches over the last 5 years. Whether government was
doing enough and if not suggest ways to help the community. Whether there were any
organized groups helping and in what way. Generally what the way forward would be.
Some volunteers would come up with some scanty information. After this interaction,
the extension group would present a summary of the earlier information to the
community. Discussions would follow confirming some of the information and
amending some. After both parties agreeing on what the past the past and the present
which in most cases is change for the worse, mitigation measures would be suggested. In
order to improve on future surveys, a quationnaire was designed to try and quantify
some of the information.
Results/Observations
General attendance of the meetings in different landings
Results and observations per zone are given separately.
Lake Kyoga and the satellite lakes:
These had and still have five major problems
I. Over exploitation both for food and ornamental fish by the collectors
2. Predation by the Nile Perch
3. Water hyacinth colonization
4. Habitat destruction by harvesting macrophytes and land reclamation
5. Wild life reduction particularly the birds in the rice growing areas.
Lakewamala
1. Transport for the Extension Staff and task force to patrol the lake. They need a boat,
an engine and life jackets
Land transport is also lacking.
2. Floating Islands
They destroy.gears, close off landings - a nuisance to transport
On the other hand, they control over fishing, they mix waters of the lake as they
move.
3 As the lake level rose, some farmland was claimed. People would not mind this if
the lake could sustain the fishing.
4 Rigidity on the size of gear (5") will not work, as the fish is not likely to grow to this
size. Insisting on this will drive people out of business. People need to adjust
following the availability of the sizes they need. For instance they moved from 2" up
to the present 4" because the fish kept growing.
5 Existence of task forces on each lake landing has enabled efficient taxes collection -
Positive development.
6 Fishermen need a workshop to exchange ideas on the proper management of the lake
resources. This should include book keeping and credit management.
7 Much as Central Government is asked to help in providing a boat and an engine, Sub-
counties could be asked to contribute towards acquiring the same for the good of the
lake
8 Worms in fish reduced with the filing up of the lake. Generally it is believed in that
area that every fish has to have worms. Fish also has been observed to have swollen
stomachs with white liquid inside ( not milt). This needs to be addressed by research.
9 Some fisheries people are not sufficiently trained. They need training!
10 The lake has not recovered its original levels in some parts although the depths have
passed what used to exist. Earlier data in therefore questionable, and recovery has
been gradual since 1995.
11 1968-70 Tycoons ( water beating sticks) were introduced by irnmigrants from Kooki
lakes. While 1998 basket traps also arrived from Kyoga and 1999, poisoning.
12 Fish stunting
Suggested reasons:-
Lackoffood
Sticking to 5" mesh size as the water receded and fish kept multiplying
High population of nematodes
13. Fishermen lacked credit for their business
14. There is free access in fishing on the lake. People entering need screening lest
they are the ones using poison. This practice is in place. The seal of 250 canoes and
even the 3 I5 canoes elevation by the district have all been passed. The total operating
canoes are estimated to be between 600 and 700 (DFO 1999).
15. There is lack of research findings feed back to the people. They need it either direct
from FIRI or through their extension workers so that they can match with
changes.
Lake Victoria:
• Over fishing was almost the most predominant problem on the lake.
• Loss of native fish species by introductions of predators
• Degradation of catchment area by agricultural activities, lumbering, search for wood
fuel, mining overgrazing, poor agronomic practices and normadism.
• . Dumping of unprocessed solids and liquids from manufacturing industries and
urbanization activities.
• No established refugia for endangered species even where identification had been
done. They ere not adhered to because it is not a country's law.
Lake Kachera
After the Einino of 1997, this lake lost a lot of water in a sudden massive out flow to
Lake Victoria via Lake Kijjanebarora. Both lakes lost a lot of water to the extent that the
fishery of Kijjanebarora collapsed while that of Kachera is threatened. Lake Kachera lost
all its floating island which used to be the refugia for the fish. The lake level fell by over
3 metres. This means the fish is in the open waters. Fishermen from other lakes like
Kijjanebarora have also moved to Kachera. There is restriction to entry of boats.
Lake Mburo
Lake Mburo is a small lake joined by river Ruizi to Lake Kachera It is a controlled lake
by Lake Mburo National park authorities together with Fisheries Department. It is well
managed. The complaints against the fishery of Lake Mburo are mainly socio-economic
other wise the resource is sustainably being managed.
River Nile
• The fishing on the Nile was of no commercial importance, purely subsistence
• The riverbanks had been cultivated up the water levels. Even the forest reserves had
been encroached on to create land for agriculture
• The natives acknowledged that less than a decade ago, there was rampant dynamite
use which could have reduced the fish population to subsistence fishing
• There were plans for replanting trees in the forest reserve but there seemed to be no
hurry since the people were using the land for cultivation
• Most of the vegetation along the Nile bank are known to habour a lot of vertebrate
pests namely monkeys and baboons. These prompted the forest department to allow
the natives to clear the forest for some time to chase away the animals.
• Agronomic practices in farming were not in place thus creating a danger of top soil
loss to the Nile during rainy seasons
Taskforce structure
The phenomenon of taskforce is a new fishery management intervention brought about as
a way the community could cub the illegal fishing methods particularly, fish poisoning.
In Mubende district, each landing has a taskforce of six people while the district has a
supreme taskforce, which consists of 14 people. The 14 people are divided into an
executive of 6 people and S member. Essentially each landing is represented on the
district task force.
Table 2: Lake Wamala Taskforce composition
Landing taskforce District taskforce
structure structure
Chairperson Chairperson
Secretary Secretary
Treasurer Treasurer
Defense Defense
Information Information
Adviser Adviser
SMembers
In Lake Kyoga, each landing has a taskforce of 7 people while the district headquarters
has only the establ{shed Government workers. Details are as follows:
Table 3: Typical Taskforce set up for Lake Kyoga
Landing task force District task force structure
structure
Chairperson ROC
Vice Chairperson LC 5 Chairperson
Secretary CAO
Treasurer Fisheries Department
3 Members
In Lake Victoria, where the problem of fish poisoning was much greater, the committees
are much bigger and the following is typical of them
Table 4: Jinja District Taskforce composition
Landing task force District task force structure
structure
Chairperson ROC as the Chairperson
Vice Chairperson Fisheries Department (DFO) as
Secretary secretary
Treasurer LC 5 Chairperson/Secretary for
7 Members production
CAO
DMO
Community Development Officer
DISO
DPC
The Lake Victoria sateIlite lake did not experience the practice of using poisonous
substances to catch fish so the idea of task forces was not established.
Much as the idea of having task forces was good, those found operating had no
uniformity.
Discussion and Recommendations:
Although the riparian states have protective measures in place for the ecosystem of the
lakes, it is common knowledge that they are a common property resource used by every
one but cared for by none at individual level and yet it is the individuals who collectively
form a community. In view of what is happening we do not have many options but to
consider the ecology of the lakes Victoria and Kyoga basin very seriously. Improved
resource management initiatives need to be geared towards mobilizing stakeholder and
the community to participate in the ecosystem management. Nevertheless our attempts
to explain the changes and to arrest the situation may be deterred by lack of information,
we therefore need strategic, applied and adaptive approaches.
Identified research and development needs pointed out by communities of different lakes
must be addressed within the frame work of participatory planning and implementation
with a deliberate effort to involve them in problem identification and general
management process. Ultimately the established framework should lead to a local and
regional approach geared to learning from the cultural complexity and ways of life at the
grass root level encompassing the whole range of social, economic, technical, political
and institutional issues that impinge on-the daily lives of people. This means that each
problem should first be addressed locally, then regionally
The community living in the basin derives its wealth from it, the same community should
be responsible for its stewardship. Failure to do this will lead to scarcity of resources.
This will need dialogue - consultative process and common language for viable dialogue,
parties must be able to listen to each other. The call here is to appreciate, understand,
respect and utilize local knowledge. In order to pave way for effective community
participation, the communities should be able to say what their problems are at anyone
time. The recent fish poisoning was controlled greatly by community participation - task
forces formed have weeded out the practice, this is typical of how to solve a problem and
by whom. Solution ideas should come from the existing institutions.
CHAPTER 5
PHYSICAL AND CHEMICAL CHARACTERISTICS OF MAJOR AQUATIC
ECOSYSTEMS IN THE VICTORIA AND KYOGA LAKE BASINS
Magezi Godfrey - Fisheries Research Institute, P.O Box 343 - Jinja
Introduction
The physical- chemical characteristics of any aquatic ecosystem include pH, conductivity, and
temperature, water transparency, nutrient and the chlorophyll-a levels. Physical and chemical.
factors of any ecosystem determine the type and quality of flora present in it and these forms the
. basis on which the system operates. The elements required in largest amounts for plant
productions are carbon, phosphorus, nitrogen, and silicon, which is important for diatoms as a
major component of the cell wall. Nutrients may limit algal productivity in the tropics despite
the high temperature there allowing rapid nutrient recycling. Nutrients most likely to be limiting
Africanlakes are nitrogen (Talling & Talling 1965; Moss 1969; Lehman & Branstrator 1993,
1994) and phosphorus (Melack.et a/l982; Kalff 1983) while silicon may limit diatom growth
(Hecky &Kilham 1988).
The objective of the study is to investigate the impact ofphysical-chernical characteristics on
the distribution and abundance of organisms in the major aquatic ecosystems. The fluctuation of
the physical and chemical characteristics of a lake impact the distribution and abundance of
organisms, and this is evident for Phytoplankton in lake Victoria (Mugidde 1993). The physical
and chemical characteristics of lake Victoria has changed over the past period of transformation
of the fishery, for example increased water temperatures were reported by (Hecky 1993). The
annual pattern has since changed, today there are prolonged thermal stratification and
development of anoxia affecting the bottom by a third of the water column in the deep off shore
waters (Hecky and Bugenyi 1992, Mugidde 1993). The water quality has deteriorated due to
population pressure in the catchment area, invasion by the water hyacinth, nutrient enrichment
and pollution from industrial development, cultivation and drainage of the ecotone buffer zone.
The nutrient levels have changed tremendously, there is phosphorus loading into the lake
accompanied by nitrogen deficiency. The silicon levels in the surface waters have dropped by
ten folds as it used to be in the1960's (Talling 1960), this could have contributed to the
disappearance of the diatom Aulocosira in Lake Victoria. This was followed by the
disappearance of the o.Esculentus whose major food item was that particular diatom. Talling
and Talling 1965and 1966 compares lakes chemistry in the different basins in Africa, basins
containing different lakes Kyoga, Victoria and others. Lake Victoria has under gone large
changes in its chemistry and biology in the recent decades due to eutrophication, the
introduction of exotic species and possibly climate change ( Hecky 1993; Witte et al. 1994;
Hecky et al. 1995).
Lake Mburo is located in the National Park; the fact that it has direct access to animals has
greatly contributed to the decline in the water quality and the prolonged draught in western
Uganda. Lake kachera ha massive agriculture activities along its shores which no dought
determines its eutrophic state. For the Kyoga satellite lakes, this study is the first of its kind, as
there seems to be no earlier information about the water quality characteristics.
Materials and Method of data collection and analysis.
Water samples were taken from the lake using a three-litter capacity van Dom sampler. The
samples were filtered through 47mm GF/C filter papers and fixed using HC!. Samples were
kept cool until they reached the FIRI laboratory. While in the laboratory filtered samples were
analysed for the Nitrogen and the phosphates were done together with Silicon using the
techniques outlined in the Mike Stainton manual of fresh water analysis. The filter paper was
kept in a petri dish with silica gel for drying, and analyzed this was later used to analyze for
chlorophyll-a using the cold methanol method. Water transparency was measured using both
the secchi disk and a Li-Cor spherical quantum sensor. Dissolved oxygen was measured using
YSI oxygen probe and temperature and. conductivity were done using the conductivity meter.
The measurements were done immediately the sample was taken from the lake. The samples
were taken from a desired depth in selected points in shallow inshore waters ,md at the off
shore (centre in the case of small lakes. )
Results
The tables of results show the Mean nutrient concentration in ugll, Conductivity in us/em,
dissolved oxygen (mgll), temperature (0C), secchi depth (m) and total depth (m)
Lake Nyaguo
Most nutrients seemed to be a little more at the edge compared to middle with the exception
of Silicon, NH4+ and TDP. The conductivity at the edge was higher than that of the middle
and this difference was also observed in the temperature. The reverse was true for the secchi
depth, pH and dissolved oxygen as has been shown in the table.
LakeAgu
This lake had a higher concentration of Nutrients at the edge as compared to the middle the
only difference was observed in NH4+and silicon. From the table of results this lake looks to
be the clearest of all the lakes we have. This is true from the Secchi depth that is equal to the
total depth. The temperatures dissolved oxygen and pH seemed not to have big differences
between the edge and the middle of the lake.
Lake Giga!i
The nutrient level s are quite high and more concentrations are realised at the edge of lake,
conductivity is extremely high as has been seen in the table below. The oxygen level was very
low (3.l7mgll) at the edge as compared to the middle station. There was a slight difference in
temperatures and pH in the middle and at the edge. The Secchi depth was lower at the edge
compared to Middle station.
Lake Lemwa
The table below shows that phosphorus of this lake was more at the middle than at the edge,
where as the nitrogen was more at the edge compared to middle Silicon showed the same
trend. The conductivity looked almost the same at the edge and Middle. Dissolved oxygen
was high at the edge than at middle. Temperature and pH looked similar at both stations, the
Secchi depth was bigger at the edge than at the middle station.
Lake Kawi
From the table below the all the nutrients were slightly higher at the middle station than at the
edge, dissolved oxygen was higher at the middle station by I mgll, temperature was higher at
\edge by I degree. The pH was almost stable at both stations. The Secchi depth was slightly
lower at the edge.
Lake Nakuwa
The results in the table shows that both P&N were higher at the edge as compared to the
middle station however the reverse was true for silicon. The dissolved oxygen was very low
at the edge (3.3mg/l) as compared to that at the middle station; the conductivity was higher at
the edge, the Secchi depth was higher at edge than at the middle station.
Lake Nawampasa
. From the results in the table below both P&N were slightly higher at the middle station than
at the edge silicon showed the same. The conductivity, temperatures and the pH were the
same at both stations, the Secchi depth looked almost the same at both stations.
Lake Victoria
The table below shore the physico-chemical parameters oflake Victoria. the nutrients were
more at the in shore stations than at the off shore stations .
Lake Nabugabo
Results show that high concentrations were observed in the off station than the in shore
station. There was a small difference in the physical parameter between the in shore and the
off shore stations
Lake Kyoga
Kyoga had more nutrient concentrations in shore than at the off show as shown in the table
below.
Lake Mburo
From the table of results this lake had concentrations of nutrients higher in the off shore water
compared to that of the inshore. The physical parameters were almost the same at both
stations.
Lake Kachera
The results for this lake were realised to have high concentration of nutrients at the off shore
stations compared to the in shores. The conductivity was higher at the in shore stations and
the rest of the physical parameters were almost the same at both stations.
Lake Kayanja
High concentrations of nutrient were observed at the middle stations as opposed to the edge
(inshore station). There was slight difference in the physical parameters at both stations as
seen in the table below.
Lake Kayugi
There was high deference in the phosphorus levels between the in shore station ~d off shore.
The concentrations were higher at the in show as opposed to the off shore station. The
conductivity of the inshore station was higher than the offshore by I unit and the rest of the
physical parameters showed no significant differences at both stations.
Discussion
The high levels of Chlorophyll could be contributing to the low secchi readings as observed for
Lake Mburo and Kachera, the reduction in light transparency in relation to secchi reading is
associated to increased scattering by particulate suspensions and this is true in very productive
lakes (Watzel ). However some lakes had low secchi leading though their chlorophyll levels are
very low this could suggest that those lakes may be having allot of abiotic tubidity as opposed to
biotic, which could be due continuos mixing and this is true for shallow lakes. The same lakes
had low pH values as compared to the rest of the lakes. The low pH values are found in Natural
waters that are rich in dissolved organic matter and this may suggest that these lakes are in the
same state. The pH looked to be much higher in lakes that had high algal biomass that may be
resulting from the activities of the algae. This was observed in the Koki lakes that had high algal
densities. The high algal densities with the availability of light accelerate the photosynthetic
rates, the products of this process leads to high pH values and high levels of dissolved oxygen.
The low temperatures in lake Nabugabo and its satellite lakes may be associated with their
geographical location, however temperatures and Oxygen reading some times depend on the
time when they are taken. The weather may determine the amount of oxygen available in the
water and the mount of biological oxygen demanding material at the bottom. Lake Victoria
seasonal changes of dissolved oxygen closely reflect the three main phases of thermal
stratification. In the 1960s the deep offshore waters below 55 metres had only occasionally
low oxygen conditions in the period of stable stratification. To day they contain less oxygen
than in the 1960s and anoxic conditions were frequently encountered in the early
1990s(Hecky et a11994) The availability of dissolved oxygen in most lakes depends on the
available photosynthetic active radiation and algal activities. The low nutrient inshore high
assimilation rates into the new algal cells as evidenced by high-suspended algal biomass and
chlorophyll-a concentration.
Lake Mburo and Kachera had the highest silicon (5191.34-6851.62 ug/I). This was the
highest recorded in these lakes this could explain why the diatom Aulocosira is available in
these lakes
The Kyoga minor lake had the highest mean conductivity values (156-742 us/em). Compared
to the rest of the lakes.
The slight difference in both the Nutrients and physical parameters of the all minor lakes
could be due to the continues mixing of these lakes which leads to all most a homogeneous
water column. Shallow lakes are known to have short retention time compared to deep lakes.
Recommendations
The high nutrient levels in these lake results from the human activities in the water shade.
The control of human activities would probably help to conserve the lakes natural habitat this
can be best done through community sensitisation.
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1CHAPTER 6
The Diversity of algae in the major aquatic systems of the
Victoria and Kyoga Lake basin and its implications on
ecosystem functioning
By Magezi Godfrey - Fisheries research institute, P.G Box 343, Jinja
Introduction
Algae are microscopic plants in aquatic environments, and include blue-green algae
(Cyanobacteria), green algae (Chlorophytes) diatoms (Bacillariohytes), Cryptophytes and
Chrysophytes. Several of these groups co-exist but some may be absent due to
environmental limitations existing in a specific water body. Algae are important in the
aquatic food chains because algal primary production provides the basis for which the
aquatic food linkages culminating in the fish production. Several groups of algae in
communal or symbiotic association with bacteria mediate many biogeochemical processes,
which characterise aquatic habitats, such as nitrogen, carbon, iron, sulphur recycling and
consumption of oxygen. However, excess algal production in aquatic ecosystems can lead to
deleterious effects, including deterioration in the water quality due to production of
phycotoxins, reduced photosynthetic rates due to self-shadding and high BOD due to algal
biomass collapse. The health of Lake Victoria is directly related to human impacts un the
fisheries, wetland buffers and water quality.
Some work were done on lake Victoria as reported in the East African Fisheries Research
Organisation annual reports. High concentration of phytoplankton was observed in euphotic
zone during the month of September 1969-1970. It was discovered that even when dissolved
oxygen and food are not limiting, there is depth limit for every genus or specieis beyond
which its catches become insignificant. However not much was done on the biodiversity of
these organisms. This present study is to address the biodiversity of phytoplankton in Lake
Victoria and Kyoga basin.
Little is known about the Kyoga minor lakes, as there is no historical information available
for comparison. The Kyoga minor lakes have papyrus as the major macrophytes in the
buffer Ecotone zones, However Kyoga monor lakes also have been impacted by
anthropogenic activities. It seems there is no information available on the Kyoga minor
lakes, as this may be the fist study of it kind on these lakes. The health of Lake kyoga has
also deteriorated, as it has many moving clusters of papyrus which affects its water quality.
It is a shallow lake with turbid water throughout the year both the algae and the abiotic
turgidity are responsible for the low water transparencey. The invation of the water hyacinth
has impacted a big change in the water quality.
Lake Mburo is located in the Mburo national park, where human activity is restricted but
animal movements in and out of these lakes are not controlled this which contributed to the
eutrophic state of this lake. Lake Kachera has extensive agricultural fanning on its shores,
and most of the buffer Ecotone zone have been occupied by the farmers this has left some
parts of the shoresdirectly exposed to entry of silt and agrochemicals in the lake and may be
among the factors contributing to the eutophied state of this lake
Study areas
Samples were taken from lakes, Victoria, Kyoga and Wamala, Kyoga satellite, Nabugabo
satellite lakes, the Koki lakes and the Victoria Nile.
Materials and Methods
Water sample was take using a three-litre capacity a van dom sampler, The samples were
take from both off shore and in shore during the period of 1998-1999. The sample was
treated with Lugol's solution as preservative immediately after sampling. While in the field
samples ware kept in the dark using aluminium foil to prevent from light and allow for
natural sedimentation. Algal biomass was determined by flittering Lake Water through a
47mm GFIC filter papers after which they were analysed for chlorophyll-a using the
methanol method
In the laboratory the samples were agitated and introduced into 2-ml sedge wick counting
chamber and allowed to sediment for about three hours. Samples were examined under an
inverted Microscope at x40 magnification species identification was done using appropriate
keys and individual species counted. One species was counted at a time to avoid over
looking other species.
Results
Lake Victoria
There were three major taxa (BluegFeen, Chlorophyta and Bacillariophyta) the dominate
group of algae in this lake was the blue-green contributing 80.5% abundance of the total
numerical percentage abundance and of these P/ankto/yngbya and Anabeana were the most
common in this taxa. Nitzchia was observed dominating in the bacillariophyta, was also
observed. The algal biomass 41.83ug/1. in the in show samples Anabeana was common
during the times of algal blooms see table one
River Nile
The dominant group was the blue green contributing 50-70.3% of the total algae numerical
abundance. P/ankto/yngbya was the common species in this group with. In the greens
Gonatozyon monator was important as it contributed 7.9% to the total algae in this group.
Bacillariophyta had Nitzchia being very dominant it contributed 19.4% as the Nile enters
Kyoga 18.2% as the Nile leaves Victoria. It had 4 major taxa (Blue green , Chlorophyta,
and Cryptophyta)
Ll
Lake Kyoga
Had 5 major taxa groups and of these the dominant algae in this lake were blue-greens with
75.0% of the total numerical abundance of algae Planktolyngbya was the dominant Species
see table one . In the greens Scenedesmus was the dominant species, Nitzchia was the
dominant species observed in the Bacillariopyta. The mean algal biomass was 57.97ug/l
LakeWamala
Had 4 major taxa groups and of these the dominant algae was blue-greens with 78.3%
abundance of the total algae, Microsystis spp was dominant with 31.8% see table one. In the
greens Scenedesmus was the most common with 5.7%. Out of the 10.4% of the greens.
Aulacosira and Cyclotella were the dominant Species in the Bacillariophyta. In the
Cryptoyceae, Rhodomonas was the dominat species. The mean algal biomass was 111.3ug/l.
Koki Lakes (Mburo and Kachera)
Lake Mburo
The dominant algal group in this lake was blue-greens with 91.6% abundance, Microsystis
was the most common in this group as it had 40.4% abundance in the group see table one.
In the green algae Oosytis spp and Scenedesmus were the most common species. In the
Cryptoyceae, Rhodomonas was the dominant species. This lake had 3 major taxa (Blue-
green, Chlorophyta and Bacillatriophyta). The mean algal biomass was 291.92ugll
Lake Kachera
The dominant taxa was the blue-greens with 94.64% abundance, both Microsytis and
Planktolyngbya were the dominant species in this group. For the green algae there was
Ankistrodesmus was the most important. In the Bacillariophyta ,Cyclotera was dominant;
The mean algal biomass was 221.5ugll. It had 3 major taxa groups (Blue-green,
Chlorophyta and Bacillariophyta.)
Nabugabo and satellite lakes
Had 4 major taxa (Blue-green, Chlorophyta and Bacillariophyta, Chrysophyta) of which
blue-green were the dominant group of algae in this lake with 69.9% abundance
,Planktolynbya was the most common in this group. In the green Staurastrum was the most
important with 11.1% abundance. Cyclotella was dominant in the Bacillariophyta
Rhodomonas was predominant in the Cryptopyheae. The mean algal biomasl9.7ug/l was
Lake Kayugi
Green algae was the dominant taxa group with 51.1% as its contribution to the overall
population of the algae in the lake, in this group Ankistrodesmus is the most dominant
species with 48.5% percentage abundance. Cyanobacteria this occupying 27.0% of the total
algae with Planktolyngbya as the dominant species. Diatomeae had Tabellaria ftnestrator
as the dominant species is contributing 13.5% of the overall algal population, Aulacosira
dominated the Bacillariophyta. Mean Algal biomass was 11.9ug/l. it had 4 major taxa
groups.
uA., - ..... -..
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Lake Kayanja
Had 4 major taxa group of which greens were the most dominant group with
Ankistrodesmus as the most dominant species. In the blue green Chroococcus as the
dominant species. The Bacillariophyta had Aulacosira bieng the dominant Species. The
average algal biomass was 15.75ug/l
Kyoga satellite lakes
LakeAgu
The dominant algae was Chloropyta, with 60.2%. Ankistrodesmus was the dominant
species in this taxa. In Bacillariophyta it had Cyclotella as the only representative. The
algae biomass in terms of chlorophyll a is very low 11.47ug/l
Lake Lemwa
The blue-green were the dominant algae with Microcystis as the dominant species. The
Chlorophyta were represented by Ankistrodesmus as the most common species. Cyclotella
was the common one in the Bacillariophyta group with 1.7% contribution to the total
composition. Mean Algal biomass was 66.87ug/l
Lake Nakuwa
Had 3 major taxa (Blue-green, Chlorophyta and Bacillariophyta.) groups with blue-green
as the dominant algae with Microsystis, and Planktolyngbya as the most common.
Ankistrodemus were the most abundant in the green algae. Bacillariophyta had Aulacosira
as the most common. Mean Algal biomass was 32.54ug/l
Lake Gigati
In the 4 major taxa, 85.7% of it was blue-green with Planktolyngbya as the most common
species in this group taxa group. In the green algae Ankistrodesmus was the dominant
species. Cyclotella the dominant species in the Bacillariophyta. Algal biomass was
55.83ug/l.
LakeKawi
L_ Blue-green dominated with 54.1% abundance, Planktolyngbya being the most dominant
species in this taxa group. It had Ankistrodesmus as the dominant species in the green algae.
Cyclotella dominated the Bacillariophyta Algal biomass was 99.6ug/l. This lake had 4
1_. major taxa groups.
Lake Nyaguo
Blue-green dominated with 85.7% Abundance Microsystis and Planktolyngbya as the
dominant species, the green algae were represented by the Ankistrodesmus as the dominant
Species Algal biomass was 14.83ugll
Lake Nawampasa
There were 4 taxa groups, the dominant algae was blue-green with 82.4% abundance,
Planktolyngbya and Microsytis as the most dominant species. In the green algae
Ankastrodesmus was the most. Cyclotella was important in the Bacillariophyta And algal
biomass was 18.42ugll.
Kyoga Iyingo
From 4 taxa identified, blue-greens was the dominant taxa. The dominant species among
the blue greens was Microsystis spp .. In the Green algae Ankistrodesmus was the
dominant species, in the Bacillariophyta, Cyclotella was the most important species.
Discussion
From the results most of the lakes had blue green algae, Chloropyta and Bacillariophyta as
algae in most of the lakes. The dominance of the blue -greens algae could be a function of
light and nutrients, the law nitrogen (N) to phosphorus (P) supply ratios favour the the
dominance of blue greens (Smith 1993; Hendzel et a1.1994) and this is evident in Lake
Victoria (Mugidde 1993;Kling et al. 1996). Algal species composition is known to Change
seasonally in response to Variations in light environment and nutrient availability (Tailing
1987;K.ling et at. 1997). The Koki lakes have potential levels of nutrients, which could be
supporting this huge algal biomass on average 221.5ugllfor kachera and 291.92ugll for
Mburo. The silicon levels were high enough(as seen from the second paper of physical
chemical) to support the Bacillariophyta group with Aulacosira as the most common taxon.
Human impacts which include devegetation of land for farming have contributed to the
degradation of these lakes, The lakes have almost similar situation as Victoria except that
they appear to have advanced eutrophication. Both Mburo and Kachera being located in
the national park are frequented by animals, which may also contribute to the degradation of
the lakes.
Nabugabo and its satellite lakes, (Lake kayugi and kayanja) have some algal species that are
absent in other lakes i.e. the diatom Aulacosira. This may be largely attributed to the high
level of silicon. Also the low temperature (23.2°C) favour the Desmids that are no longer
seen in lake Victoria due to the increased water temperature (Hecky 1993), the lower pH
ranges may be more relevant characteristics of Aulacosira (Talling and Talling 1965) and
this is evident in Kayanja and Kayuji. Nabugabo seems to be threatened with tourists
activities going around its shore. Their waste treatment and disposal is highly doubted.
Of the Kyoga satellite lakes Agu was the clearest lake with a Secchi depth equal to the total
depth however it had the highest percentage of green algae (Chlorophyta), with
Ankistrodesmas as the most abundant (60.2). The diversity of algae in this lake is very low
(3 taxa) suggesting that there could be some limitations with in the lake's system to algal
growth. Most of the Kyoga minor lakes had almost similar algae composition and diversity
(4-5 taxa), but marked differences occurred with respect to algal biomass for lakes
Nawampasa , Agu, Nyagou which had their biomass with in the range of 11-18 ugll
compared to Gigati, Kawi, Lemwa which had a range of 55-99 ugll. This implies that the
lakes are tending to critical levels of eutrophication. The increased farming activities around
these lakes, harvesting of macrophyte for craft making, building and burning of these plants
could be contributing to the decline in the water quality. This results in high algal biomass.
The dominance of the blue-greens in the lakes suggests that factors that decline the water
quality have invaded the lakes health. There are some lakes which had potential of nutrients
. which can lead to high algal biomass but they seam not be in the available form to these
organisms. Lakes like Kawi and Nyagou have been attacked by agriculture farming which
pose a threat if it continues coming up at that terrific rate. The open land help rains to was
allot of Nutrients and silt into the lake.
Recommendations for conservation of Biodiversity.
Control of Agrochemicals used around water environment to control eutrophication and
pollution effects.
Sensitisation of the public on the importance of water sheds using the local councils (L.C's)
and the media
Kyoga Satellite lakes and Nabugabo and its satellite lakes need to be protected in that they
stilI have the species that are not common in other lakes like the Aulacosira, Staurastrum
Cosmorium and Phacus. For Lake Agu protection of its ecotone buffer zone will help to
maintain its status.
Control of domestic animals that get direct access to the lake and destroy it health. For the
national park the wild life authority should help and fmd asolution for their animals too.
Since the disappearance of Aulacosira coincided with the eutrophication of the lake
Victoria, the probability that the same situation may happen in these other lakes that have
high levels of silicon is evident. This calls for a strong management strategy for these lake
i.e. regulation like those who are intending to carry out agriculture activities should be told
how far away should they be from the main lake and should regulate the use of agro-
chemicals near the lake banks. There should also be a big restriction on the cutting of
macrophytes.
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CHAPTER 7
THE DIVERSITY OF AQUATIC FLORA AND THEIR IMPORTANCE IN THE
VICTORIA AND KYOGA LAKE BASINS
Anthony Katende
Department of Botany, Makerere University P.O. Box 7062 Kampala- Uganda.
Introduction
A great part of Uganda is endowed with water bodies in the forms of rivers and open
water lakes. These bodies are never alone. They are either flanked or associated with
plants, which are adapted to the wet conditions. They are so characteristic that they are
part and parcel of the aquatic ecosystems. They occupy various positions depending on
the amouot of water in the relevant habitats. Thus various ecological terms are used to
describe plants, which occupy each level of inundation:
• Riparian denotes a type of vegetation, which flanks rivers or lakes.
• Rooted implies plants which anchor their roots in mud or in wet sand,
• Free-floating is applied to the plants, which swim on tops or in the water all their
lives and
• Submerged is given to plants which may anchor at the bottom of an open water
body.
In carrying out our studies, we had all these in mind.
Importance:
There is a popular saying that "all meat is but grass". Here grass represents all plant life
and covers a great deal of meaning. That is, there is no life without a plant.
• While plants left alone can sustain themselves, other forms of life find it difficult
to do so. Therefore, all fish and other aquatic life depend on plants.
• Plants produce oxygen, a producer of life,
• They regulate carbondioxide.
• Plants produce food for fish and other mammals,
• They provide shelter for breeding aquatic life and hiding place as they escape
from predators.
• A water body without plants is a dead one.
• Plants regulate the flow of rivers and flooding of lakes. In that way, silting of
lakes from agricultural land is controlled.
' ..
Composition:
The aquatic vegetation composition of any area ending into open water or lake is better
illustrated by projecting a transect s.tarting from a dryland or a raised ground through
wetland types to the lake. Eggeling 1934 identified the following starting from open
water back to the raised ground:
1. Free-floating vegetation of Ceratophylum, Typha and Pistia ..
2. Fringing vegetatjon of wave action, which may be pushed and lodged against an
established Papyrus swamp, which itself is also floating. In such vegetation,
young Vossia and Papyrus community which break from distant communities and
are responsible for the formation of floating islands. Of now, it also includes the
menacing Water Hyacinth .
3. The Papyrus swamp in many places covers large areas and may extend into rivers,
which enter the open waters. Climbers, ferns and shrubs, which stand inuandation,
are all part of this community. .
4. A sedge community, which is composed of stoloniferous, or rhizometous sedges,
which form a mat over underlying, water and is a big problem to cross or mover
over it.
5. Lymnophyton community sits over shallow waters and is intermixed with
Miscanthidium which is rooted in mud or sand. Caldesiaand other alistomataceae
members occur in this community. Pools of sanding open water may also be seen
covered with a common water fern - the Azola. In the same pO.ols, species of
.Attelica and Nympheae may also grow rooted in the mud.
6. Miscanthidium community, which is comprised of tufted, grass communities like
the Miscanthidium and Loudatia. Phragmites reeds may also occur here.
7. Echnoeloa community, which forms a dense community, difficult to.traverse.
8. The ecotone, which forms a transition zone between swamp and drained ;ground.
In this community, trees and shrubs dominate. Some members are Alchomea
cordi/olia, Bridelia micrantha and Phoenix reelinata .
. Eggeling's classification still exists in areas, which have not suffered from degradation.
Factors Influencing Diversity:
• Unimpeded ecosystem development. A water body should be allowed to develop
a variety of species without disturbing plant dynamics.
• Once a climax of plant dynamics is reached should be sustained. That is, there
sustainable equity in the whole ecosystem.
• Harvesting in the ecosystem should be controlled and rare species should be
specially given treatment.
• Protection of water bodies has an influence of diversity in that other aquatic life'
use a variety of plants for food and shelter.
Study Areas:
In the lake Victoria Basin, the following areas were studied:
1. Napoleon Gulf
2. Rwamafuta Island
3. Lake Mburo
4. Lake Kachera
5. Lake Wamala
In the. lake Kyoga Basin the following areas were studied:
1. Iyingo - Kyoga major
2. Lake.Nawampasa
3. Lake Nakuwa •
140
120
100
In
.!!!
•••Q)
Q.
l/l 80-0
0
Z
Q)
>:;::
..!!!
::::l 60
E
E
::::l
()
40
20
o
Figure 1: Species accumulation curve in the Victoria Lake Basin
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Figure 2: Species accumulation curve in the Kyoga lake Basin
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ICHAPTERS
THE DIVERSITY AND ABUNDANCE OF ZOOPLANKTON IN THE LAKE
VICTORIA AND KYOGA BASINS AND THEIR RELATIONSHIP TO FISH
PRODUCTION
By
Lucas M. Ndawula and Vincent Kiggundu
Fisheries Research Institute, P. O. Box 343, Jinja Uganda.
INTRODUCTION
Biological diversity of an ecosystem is considered a reliable measure of the state of
health of the ecosystem. In Uganda's large lakes, the Victoria and Kyoga, the past three
decades have been characterized by profound changes in fish species composition
following the introduction of the piscivorous Nile perch (Oguto-Ohwayo 1990). Over 300
haplochromine cichlid species comprising a wide range of trophic groups were lost along
with a host of non-cichlid fishes which occupied virtually all available ecological niches
and in the lakes (Witte 1992). A second major ecological event has been the gradual
nutrient enrichment of the water bodies (eutrophication) from diffuse and point sources,
while at the same time pollutants have also gained entrance into the water systems in
pace with industrial development and human population increases in the lake basins.
Eutrophication and pollution have drastically altered the physical and.chemical character
of the water medium in which different fauna and flora thrive. In Lake Victoria these
alterations have resulted in changes of algal species composition from pristine
community dominated by chlorophytes and diatoms (Melosira etc) to one composed
largely of blue-green algae or Cyanobacteria (Microcystis, Anabaena, Planktolyngbya
etc) (Mugidde 1993, Hecky 1993).
Algae constitute the base of the biological production pyramid, and provides the sole
source of nutrition to some fish species such as the tilapines, some haplochromines and
most invertebrate organisms. Changes in algal species composition may, to some degree,
have caused food limitation to some phytophagous macro- and micro-invertebrates. Such
changes, if accompanied by alterations in size structure of available algal food particles,
may result in new competitive interactions which can lead to decline in species diversity,
or at least changes in relative abundance of organisms depending on algae for nutrition
(Mwebaza-Ndawula 1994) i.e. most copepods, cladocerans and rotifers). The chemical
environment, particularly with respect to parameters like pH, dissolved oxygen (DO),
conductivity, suspended organic and inorganic particles a great extent influence species
diversity due to differences in tolerance ranges of different organisms to changing
environmental conditions. In addition, size selective predation by.fish, a common feature
in predator- prey relationships may also greatly reduce or eliminate certain preferred
-categories of prey species thereby altering both species composition and size structure of
prey communities (Brooks and Dodson 1965).
Although zooplankton community studies have been conducted il1Ugandan water bodies
since the dawn of the twentieth century (Daday 1907, Delachaux 1917, Worthington
1931, Rzoska 1957, Green 1967, 1971,1976, Akiyama et al. 1976, Kateyo 1983, Mavuti
and Litterick 1991, Mwebaza-Ndawula 1994, 1998, Kizito 1995, Branstrator et al. 1996),
no .single study has dealt specifically with aspects of diversity and in relation to the
potential influence of the various environmental parameters to species richness or rarity ..
The lakes surveyed in the preseI1t study (see Materials and Methods section) were
presumed to be at varying stages of water fertility (lake trophy) resulting from different
levels of anthropogenic and other perturbations around them. The overall aim of the study
was to investigate the diversity of zooplankton communities under widely differing
limno-ecological conditions prevailing in the various water bodies surveyed. This paper
presents, faunistic lists of zooplantkton encountered in field samples, estimates of areal
and relative abundance of the various invertebrates and compares diversity of species
between different ecological zones within lakes (i.e. inshore and offshore waters) and
between the different water bodies investigated.
STUDY AREAS
Field surveys were carried out in various water bodies within the Lake'Victoria and
Kyoga basins which included the Kooki lakes namely Mburo and Kachera in the Mburo
National Park, Lake Wamala, Kayanja and Kayugi satellite lakes, Lake Nabugabo, lakes
Victoria and Kyoga, the Victoria Nile, the Kyoga minor lakes namely Nawampasa,
Nakuwa, Gigati, Nyaguo, Agu, Bisina, Kawi arid Lemwa, (Fig. I).
MATERIALS AND METHODS
In each lake two samples were taken; one from a shallow inshore area and another from
an offshore point 20-50metres away from the shoreline. Zooplankton was sampled using
plankton nets of 0.25m mouth opening and 50 and 100um mesh sizes. At each sampling
point, the net was lowered with a rope up to 1m above the bottom and hauled to the water
surface. Four replicate hauls were combined to make a composite sample. If.!.shallow
areas «l.Om) with emergent vegetation, a tube sampler of..6,4 cm diameter ~aS' used to
draw a volume of water after which the water sample was fiitered through a 50uto mesh
net. Four replicate tube samples were .combined to make a composite sample. The
samples were preserved in 4% sugar-formalin. .
In the laboratory each sample was sufficiently diluted, agitated and sub-sampled with a
calibrated bulb pipette. Each sub-sample (2 and 5ml) was placed on a counting chamber
and examined under an inverted microscope at x40magnification. TaXonomic
identification was done using available identification keys and each species was counted.
A real density of zooplankton and percentage relative abundance was calculated from the
count data.
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In most of the water bodies which were generally small lakes, samples were taken at the
edge (inshore) and in the middle of the lake (offshore). In Lake Nabugabo an additional
sample was taken from the River Juma mouth. At each of the two stations sampled in
Lake Victoria (Kikondo and Kiryowa), samples were taken from the shoreline or edge
and at 5 and 20m from the edge along a transect. A similar sampling approach was
followed at the various points sampled along the River Nile.
RESULTS
Zooplankton composition and relative abundance at inshore and offshore sites in
different lakes
LakeWamala
Data taken during January and May 1998 at Ziggwa and Bagwe showed rotifer as the
dominant taxon (> 70%) at inshore and offshore sites in both sampling stations (Table I).
At Ziggwa "edge" a rare copepod genus Eucyclops (6.5%) represented the taxon
Copepoda as did M micrura (0.8%) for cladocerans. At Ziggwa "centre" T. neglectus
was the only copepod species found and in very small proportions (1.1%). Two species of
cladocerans (c. corn uta and M micrura) occurred in small proportions at Ziggwa centre.
Keratella tropica contributed the highest numerical proportion at both "edge" and
"centre" (72.4% and 83.6% respectively).
At Bbagwe sampling station similar trends in species compositIOn abundance and
diversity as at Ziggwa were found except for a small proportion of a predaceous copepod
genus, Mesocyclops spp. was recovered in the sample from the "centre" in addition to T.
neglectus. Similarly, the small-bodied cladoceran, Bosmina longirostris (2.5%) occurred
Bbagwe "edge". No major difference in rotifer composition was found between the "edge
and "centre" sites at Bbagwe station. Dominant rotifer species included K. tropica
(27.5%), Trichocerca spp (26.5%), B. caudatus (19.7%) and Polyarthra spp (13.1 %).
Nabugabo satellite lakes
Lake Kayanja
A single sample from the "centre" site presence of one species of Copepoda T. neglectus,
which was also numerically the most dominant species (75%) (Table 2). Cladocerans
were completely unrepresented while rotifers were represented by 8 species albeit in
rather small proportions « I0% each).
Lake Kayugi
Samples from both the "edge" and center had representatives from copepoda, Cladocera
and Rotifera (Table 2). The latter was numerically most dominant group at both inshore
and offshore sites (80% and 81.3% respectively). Rotifera comprised 6 species at both
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sites compared to 1 copepod (T. neglectus) and 1 cladoceran (M micrura) species.
Prominent rotiferan species included. Trichocerca spp.(40-42%) and B. falcatus (30-
39%). Differences in species composition and species diversity were minimal between
inshore and offshore sites.
Lake Nabugabo
The sample from Juma River mouth contained no adult (identifiable) copepods but had C.
cornuta and M micrura representing Cladocera while 10 species represented Rotifera
(Table 2). The latter was numeically the dominant group (96.9%) in which key species
were Trichocerca spp (23.7%), F. longiseta and Lecane spp (15.5), B. caudatus (13.4)
and K. tropica (10.3%).
Rotifers were still the dominant (> 70%) and diverse group (7 species) at the "edge" and
"centre" sites. Copepods were represented by T. neglectus which contributed 10>4% at
the offshore site and 0.8% at the "edge". Among Cladocera, B. longorostris and M
micrura were present in small proportions « 1%) at the "edge" while the latter species
achieved 13% numerical abundance at the "centre" site. The most dominant rotifers were
K. tropica (42.7%), B. caudatus (27-55%) and Trichocerca spp (14-17%).
Lake Victoria
Rotifers were numerically the most dominant (> 50%) as well as the most diverse group
in samples from both sampling sites (Table 3). The highest diversity of 11 species was
recorded in a sample taken 5m from edge at Kikondo, with rotifers contributing 8 species.
The lowest number of species was 2 recorded in a sample from the edge at Kiryowa. A
general increasing abundance of organisms from the edge towards offshore waters was
observed for copepods and rotifers. The commonest species recovered in nearly all
samples were T. negelectus (Copepoda: Cyclopoida) and Polyarthra vulgaris (Rotifera).
A rare copepod taxon, Harpacticoida was recoded in a sample from Kikondo edge.
Cladocerans were poorly represented in all samples. Although Diaphanosoma excisum
and Moina micrura were recovered at 20 metres from the edge at Kiryowa and Kikondo
respectively, cladocerans were completely missing in samples from the edge at Kiryowa
and 5m away from the edge at Kikondo and Kiryowa.
Victoria Nile River
Samples taken at Bujagali (downstream of Bujagali falls), Kalungi, Kasato and Kyankole
(Victoria Nile mouth to Lake Kyoga) showed occurrence of copepods, cladocerans and
rotifers in varying numerical proportions relative to site and distance from the edge of the
river course (Table 4). At Bujagali, 5m from the edge copepods were represented by
largely Tropocyclops tenellus (41.7%) and a small proportion of T. confinnis (4.6%);
cladocerans were absent while six species of rotifers were found. Brachionus forficula
..showed the highest rotifer abundance (16.7%). Copepods and rotifers occurred nearly in
equal proportions (46.3% and 53.7% respectively). At 20m from the edge, a more diverse
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community of copepods (66.3) consisting of T. tenellus, T. confinnis. Thermocyclops
incisus, T. emini and Thermodiaptomus galeboides was encountered. Cladocera was still
not represented while a rather impoverished community ofrotifers (33.7%) comprising B.
caudatus, K. tropica and K. cochlearis was found. A total of 8 species was found at each
of the two sites.
Further downstream at Kalungi, the sample from the "edge" was very poor, consisting of
only three rotifer species (Asplanchna sp., Filinia opoliensis and Trichocerca sp.) (Table
4 contd) The sample taken 5m. from the edge contained one copepod species, T.
neglectus, one cladoceran, M micrura and five rotifer species dominated by Asplanchna
sp. Copepods (70.6%) comprising T. neglectus. T. tene/lus and T. confinnis numerically
dominated a third sample taken 20m from the edge. Cladoceran presence was relatively
high (11.8%) with Chydorus sp. and M micrura contributing equal proportions. The
rotifer community was still impoverished, with only three species found Asplanchna sp.,
B. falcatus and K. tropica, each in small proportions (5.9%). Altogether 3,7 and 8 species
were identified in samples from the edge, 5m and 20m from the edge respectively. Nearly
similar trends of generally impoverished zooplankton communities were observed
further downstream at Kasaatu, particularly at the edge and 5m from the edge.
At Kyankole river mouth area, a transition between riverine and lake conditions all
samples taken from the edge, 5 and 20m from the edge showed relatively high species
diversity (9-13 species) among the three broad taxonomic groups (Table 4 contd).
Copepods, which contributed 38.5% of the numerical abundance at 20m from the edge,
contained the rare genus, Eucyclops sp. (21.2%). Rotifers were numerically superior (51-
93%) at all three sites and the dominant species were K. tropica, Polyarthra spp,
B.caudatus and Asplachna sp.
Lake Kyoga
Lake Kyoga was represented by a single sample from Iyingo "centre" (Table 5). A total
of 10 species were recorded, with 6 from rotifers, 2 from Cladocera and 2 from copepods.
Copepods and rotifers were co-abundant at Iyingo (ca. 45%).
Kyoga satellite lakes
Nawampasa
Rotifers were the numerically the most abundant (> 60%) as well as the most diverse
taxon, contributing 9 out of the 15 species recorded in this lake (Table 6). Copepods were
represented by four species of which T. neglectus and T. confinnis constituted the bulk. A
rare genus Eucyclops sp. was also recovered but all the samples lacked the large-bodies
calanoid copepods. Mainly Moina micrura and few Ceriodaphnia comuta represented
cladocerans. Of the 12 rotiferan species, the bulk was contributed by Ascomopha,
Keratella tropica, Brachionus caudatus and Tricocerca spp. No major difference in
species composition between inshore and offshore sites was evident.
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Lake Nakuwa
This lake was represented by one sample from the "centre" in which a total of 12 species
were encountered (Table 5). The bulk of the species diversity came from Rotifera which
accounted for 9 species, besides being numerically the most dominant taxon (>70%).
Three genera, namely B. caudatus. K. tropica and Polyarthra spp. contributed most to the
rotiferan component in the lake. The small (4.9%) cladoceran component contained a rare
large-bodied daphnid, Daphnia lumholtzi (0.2%), while copepods were represented by a
single species, T. neglectus.
Lake Gigati
Samples from the edge and centre of the Lake showed fair representation of the three
broad taxonomic groups: Copepoda, Cladocera and Rotifera (Table 6). The latte'rwas by
far the most diverse group containing II out of a total of 15 species encountered. Most
rotiferan species were found both inshore and offshore except F opoliensis recovered
only in inshore sample. Cladocerans were poorly represented in terms of species diversity
(2 species) and relative abundance «3%) at both sites. Rotifers were numerically
dominant inshore (51.6%) while copepods dominated in the offshore (centre) sample
(80.2%). Dominant copepods were T. neglectus and T. confinnis while B. caudatus and
K. tropica dominated among rotiferan species.
Lake Nyaguo
From this lake, a single sample from the "centre" site contained representatives of
copepods, cladocerans and rotifers (Table 5). The latter was the dominant group in terms
of species diversity contributing 9 out of a total of 13 species, but was superceded in
abundance .by copepods With 80.4% compared to 19.6% for rotifers. Dominant copepods
species were T. conjinnis (59.8%) and T. neglectus (20.1%). A dearth of Cladocera was
evident as only D. excisum (0.3%) found in the entire sample.
LakeAgu
Samples from both inshore and offshore contained represeritatives of copepods,
Cladocera and rotifers (Table 6). Rotifers were superior both numerically (77.2% and
76.3% inshore and offshore respectively) and in terms of species diversity (13 species out
of a total of 18). Generally the same rotifer species were found at both sites and B.
caudatus, F longiseta and K. tropica constituted the dominant taxa. Copepods were
poorly represented inshore where only T. conjinnis was found and in low proportions
(1.4%). Similarly, poor copepod abundance (5.9%) was found offshore. On the other
hand cladocerans were relatively well represented numerically (17-21%) though only by
three species,Moina micrura (16-17%), D. excisum (4.7%) and a rare species Macrothrix
laticornis (0.7%).
6
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A single sample collected from the "edge" site showed 'absence of adult (identifiable)
copepod species and cladocerans. Rotifers were represented by 7 species of which B.
caudatus, F. longiseta and Trichocerca spp. were the dominant taXa 57.1%, 10.7% and
10.7% respectively) (Table 5).
Lake Kawi
Two categories of species were distinguishable on the basis of either wide or restricted
distribution in the lakes surveyed (Table 6). The cyclopoid copepod, T. negiectus was
found in all lakes except lakes Kawi and Nakuwa where adult specimens used in
taXonomic identification could not be found in the samples. The most widely distributed
cladoceran was Moina micrura which occurred in 10out of 14 lakes. Among therotifers
three species namely, Brachionus caudatus, Keratel/a tropica and Trichocerca spp
occurred in all the lake surveyed. The rare zooplankters included Eucyclops sp. which
occurred only in lakes Wamala, Nawampasa andNakuwa; Daphniasp., Chydo
rus
sp. and
the Harpacticoid copepod found only in the Victoria Nile;' Macrothrix .laticonis 'found
only in Lake Agu;'B. pawlus found only in Nabi.lgabo, and Eut:ldnis sp.fo
und
' only in
Lake Victoria.
Comparison of zooplankton species distribution between different lakes
A single sample from the "centre" site contained one copepod species (T. neglectus
6.3%), no cladocerans and 8 species of rotifers (93.7%) (Table 5). Dominant rotiferan
species included F. longiseta (27.8%), B. caudatus and F. opoliensis (19.6%) and B.
angular is (12.9%).
Lake Lemwa
The highest number of zooplankton species (24) was recorded in the v.ictoria Nile
samples (Table 4) is probably related to the diverse physical-chemical conditions
prevailing in different habitat types i.e. fast-current mid-stream areas compared to
relatively quiescent bays and river edge with macrophyte growth etc. Such varietieS of
environmental conditions provide equally wide niche opportunuties for a wider range of
zooplankton species than probably less varied lacustrine conditions. High species
diversity in some Kyoga satelite lakes like Agu, andNawampasa (Tabie6) may indicate a
relatively good quality of these lakes"environment. Both eutrophication and pollution of
lakes tends to reduce faunal diversity as a result of different of specieS'''toleran
ce
to
environmental stress. As an example, Lake Agu is a very clear lake with a Secchi reading
as high as the lake depth itself (personal observations), indicatirig oligotrophic conditions.
Its high zooplankton species diversity may to a great extent be explained by the apparent
pristine state of the lake. In contrast, the Nabugabo satellite lakes of Kayugi and Kayanja
(Table 2) which are acidic, with pH < 6, (personal observations), a presumably stressful
condition, supported relatively low speci~s diversity (8-9 species); as were many other
.lakes that appeared to be tending towards eutrophic conditions (Tables 1-4). Other
Discussion
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environmental parameters likely to adversely impact faunal diversity are conductivity,
and dissolved oxygen both of which can be markedly altered with the onset of eutrophic
conditions.
Cladocerans, observed to be very rare. and least abundant in most water bodies (Tables I-
S), are known to be very vulnerable to predation. This is largely due to their relatively
large size, conspicuous eyes and their mode of movement, the sum total of which makes
them an attractive prey and easy target for capture by fish predators. This may partly
explain the dearth of these organisms in all the water bodies surveyed and the absence of
the largest and therefore more vulnerable daphnids in most lakes. On the other hand, the
small but numerous rotifers appear to be natl,lI"allyprotected from excessive predation
owing to their diminutive size which offers low calorific value as prey besides being not
easily visible to the predators. This attribute, probably together with high tolerance of
environmental stress conditions may explain their numerical .superiority in virtually all
the lakes surveyed.
Medium - to - large-sized copepods rank second to rotifers in numerical abundance, but.
on account of their larger size presumably support much higher biomass and calorific
values. The large-bodied calanoid copepods are endowed with a rather high escape
response from fish predators compared to cyclopoids (Lazzaro 1987) although they were
relatively rare in most lakes. Due to their size and relatively high abundance in most
water bodies, copepods probably constitute the most targeted prey species by fish
predators as has been observed in Lake Victoria (Mwebaza - Ndawula 1998). In the latter
environment, they appear to exhibit high resilience to fish predation probably as a result
of some reproductive strategies and availability of ample quality food to support both
their growth and production.
Themocyclops neglectus along with some rotifers such as Brachionus caudatus, Keratela
tropica and Trichocerca spp are evidently the most widespread zooplankton species
while Cladocera are generally rare, apart from Moina micrura. These distribution and
abundance trends are probably related to both intensity of fish predation and limitation by
environmental factors, which may include food quality and quantity in the different lake
systems. Some of the rare species like the cladoceran M laticornis and harpacticoid
copepods are known to be largely benthic and were therefore outside the sampling range
of pelagic zooplankton. Tentatively however, some rare species like Eucyclops sp. and
daphnids may have the potential to be used as environmental indicators as practiced in
some temperate countries. .
In order to promote conservation of zooplankton diversity and lor to restore lost species
richness in the water bodies, there is need to avert excessive nutrient loading into rivers
and lakes. This involves control of deforestation, cultivation in fringing swamp zones and
macrophyte harvesting, regulation/control atmospheric pollution through sensitising
people on the dangers of unnecessary vegetation burning and' industrial emissions,
enforcement of pre-treatment of industrial and sewage effluents, encouraging and
promoting sanitation, and observance of hygiene and safe waste disposal in the lake
basin. The sum total of these participatory actions, will hopefully minimise excessive
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nutrient loading (eutrophication) into water bodies, a feature so rampant in most Ugandan
lakes. The resulting changes in water quality, algal production and succession has direct
and indirect effects on the largely phytophagous zooplankton community and other
organisms like fish that depend on secondary producers as a source of nutrition.
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Table1. Percentage composition of Zooplankton taxa at
different sites on lake Wamala, Jan. and May 1998.
Sampling stations: Ziggwa BbagweHabitats: edge centre edge centreTaxa:
Copepoda
Mesoeye/op spp.
0.2Eueye/ops spp. 6.5
Tneg/eetus 1.1 25.0 1.7." Sub-total 6.5 1.1 25.0 1.9, Cladocera
C.eomuta 1.2
B. /ongirostris
2.5Moina mierura 0.8 1.8 1.2Sub-total 0.8 3.0 2.5 1.2Rotifera
Aseomopha sp. 0.8 3.5 25.0Asp/anchna spp. 9.2 1.5 2.5B.angu/aris
7.5 0.5B. ca/yciflorus 1.2 0.4
B. caudatus 1.4 2.6 12.5 19.7F. opoliensis
6.1( , K. eoch/earls
1.0K. tropica 72.4 83.6 27.5Lecane spp.
10.0 2.4Polyarthra spp.
1.3 7.5 13.1Trichocerea spp. 7.6 3.0 7.5 26.5Sub-total 92.6 96.0 72.5 96.8Total 100 100 100 100No. of species 8 10 9 11
Table 2. Percentage composition of zooplankton taxa at different sites on Nabugabo
and satellite lakes
Lakes: . Kayanja Kayugi Kayugi Nabugabo Nabugabo Nabugabo
Juma R. Lubira
Habitats: Centre Centre edge mouth edge Centre
Taxa:
Copepoda
T.neg/ecfus 75 9.9 6.5 0.8 10.4
Sub- total 75 9.9 6.5 0.8 10.4
Cladocera
B./ongirosfris 0.2
C.comufa 1
Moina micrura 4.1 12.1 2.1 0.5 13
Sub-total 4.1 12.1 3.1 0.6 13
Rotifera
Asp/anchna spp. 0.9 1.1 0.9 1
B.angu/aris 0.9
B. caudafus 6.9 0.3 3.7 13.4 27.2 54.8
B. fa/cafus 3.4 39.4 30.8 3.1 3.1 1.7
B. pafu/us 1
F. /ongisefa . 0.9 0.9 15.5 8.3 0.8
F. opo/iensis 3.3 5.2 1.6
K. coch/earis 1.7 0.3 0.2
K. fropica 1.7 2.8 10.3 42.7
Lecane spp. 15.5
Po/yarlhra spp. 1.7 8.2 2.8 0.1
Trichocerca spp. 8.6 40.2 42.1 23.7 14.3 17.3
Sub-total 25 86 81.3 96.9 98.6 76.6
Grand total (%) 100 100 100 100 100 100
Total n6: of speciE. ,- 9 8 8 '--1 10 9.~ 2
Table 3. Percentage composition of zooplankton taxa at different sites on
Lake Victoria, April 1998.
Sampling stations: Kikondo Kiryowa
20m
5m from from 5m from 20m from
Habitats: edge edge edge edge edge edge
Taxa:
Copepods
T. emini 6.3
T. neglectus 8.3 22.9 21.5 25.0 50.0 13.3
T. galebo(des 1.1
T. confinis 8.3 15.6 33.3
Sub-total 16.7 44.8 22.6 25.0 83.3 13.3
Harpaticoida 25.0
Cladocerans
D. excisum 3.3
Moina micrura 8.6
Sub-total 8.6 3.3
Rotifers
Ascomopha sp. 3.1
Asplanchna spp. 25.0 10.4 75.0 3.3
B. angularis 6.7
B. calyciflorus 3.3
B. caudatus 12.5 8.6 23.3
III Euc/anis sp. 8.3
F. opoliensis 2.1
K. cochlearis 2.1 17.2
K. tropica 16.7
Lecane bulla 16.7
Polyarthra spp. 8.3 21.5 16.7. .36.7
Trichocerca spp. 8.3 21.5 10.0
Sub-total 58.3 55.2 68.8 75.0 16.7 83.3
No. of species 6 11 7 2 3 8
Total 100 100 100 100 100 100
Table 4. Percentage composition of zooplankton taxa at different
sites along the River Nile, June 1999.
Sampling stations: Bujagali Kalungi
5m 20m '5m 20m
Habitats: from from from from
edge edge edge edge edge
Taxa:
Cyclopoida
Tneglectus 2.9 41.2
Temini 8.4
Tincisus 1.2
Tconfinnis 4.6 8.4 23.5
T.tenellus 41.7 37.3 5.9
Calanoida
T ga/eboides 10.8
Sub-total 46.3 66.3 0.0 2.9 70.6
Cladocera
Chydorus sp. 5.9
Moina micrura 14.7 '5.9
Sub-total 0.0 0.0 0.0 14.7 11.8
Rotifera
Asplanchna spp. 9.3 '33.3 44.1 5.9
B. angularis 5.9
,( B. calyciflorus 11.8
B. caudatus 9.3 8.4 17.6
B. falcatus 2.9 5.9
B. forficula 16.7
F. opoliensis 33.3
K. cochlearis 4.6 3.6
K. tropica 9.3 21.7 5.9
T cylindrica 4.6
Trichocerca spp. 33.3
Sub-total 53.7 33.7 100.0 82.4 17.6
Grand Total (%) 100 100 100 100 100
No. of species 8 8 3 7 8
.. "'-'.
. .
Table 4.(contd.) Percentage composition of zooplankton taxa at different
sites along the River Nile, June 1999.
Sampling stations: Kasato Kyankole
5m 20m 5m 20mHabitats: from from from from
edge edge edge edge edge edgeTaxa:
Cyclopoida
Eucyc/ops spp.
21.2
Tneg/ectus 5.6 6.5 1.4 1.1 5.8. . Temini 4.3 0.7 1.1 1.9, Tincisus
1.1 1.9T confinnis 36.4 4.3 3.8Ttenellus 4.3 1.4 3.8Sub-total 36.4 5.6 19.6 3.4 3.3 38.5Harpaticoida 2.2
Cladocera
Daphnia sp. 9.1
D.excisum
0.7 7.7D.lumho/tzi
1.1Moina micrura 8.7 2.7 3.3 1.9Sub-total 9.1 0.0 10.9 3.4 4.4 9.6Rotifera
I i(
.
Asp/anchna spp. 18.5 14.4B.angu/aris
2.1
B. ca/yciflorus 36.4 63.9 8.7 6.8 8.9B. caudatus 18.2 8.7 12.3 22.2 7.7B. fa/catus 11.1 13.0 2.7 7.7K. tropica 39.1 17.8 46.7 28.8Po/yarthra spp. 19.4 28.1 7.7Tcylindrica
4.8Sub-total 54.5 94.4 69.6 93.2 92.2 51.9Grand total (%) 100 100 100 100 100 100NO.of species 4 4 10 13 9 12
'.
Table 5.Percentage composition of zooplankton taxa in different
satellite lakes of"Kyoga, June 1999
Lakes: . Kawi- Iyingo Lemwa Nyaguo Nakua
.Habitats: Edge Centre Centre Centre.' Centre
Taxa:
Cope pods
Tneg/ectus 32,2 6.3 20.1 24.6
Mesocyclops spp. 0.5
Tga/eboides 8.2
T confinnis 59.8
Sub- total 40.4 6.3 80.4 24.6
Cladocera
D.excisum 0.3
D./umhortzi 1.3 0.2
Moina micrura 10.1 4.7
Sub-total 11.4 0.3 4.9
Rotifera
Ascomopha sp. OA
. Asplanchna spp. 3.6 2.2 ..
B.angu/aris 12.9 '0':8 5.9
B. ca/yciflorus 7.1 0.8 5.9
B. caudatus 57.1 3.8 19.!3 5.2 11.2
B. fa/catus 2.7 6.8
i(
. F. /ongiseta 10.7 7.6 27.8
F. opoliensis 7.1 19.6 0.7
K coch/earis 0.6
K tropica 3.6 33.4 8.2 4.3 12.2
Lecane bulla 0.8
Lecane spp. 0.4 2.4 0.7
Po/yarthra spp. 1.4 25.8
Trichocerca spp. 10.7 0.6 4.7 1.1 1.4
Sub-total 100.0 48.3 93.7 19.6 70.5
Grand total 100 100 100 100 100
No. of species 7 10 .9 13 12
. ,
Table 6. Percentage composition of zooplankton taxa in different satellite
lakes of Kyoga, June 1999.
Lakes: Agu Gigati
Nawampasa
Habitats: Centre . Edge Centre Edge
Centre Edge
Taxa:
Copepods
Eucyc/ops spp.
3
T.neg/ectus 1.3 46.2 20.1 13
4
Mesocyclops spp. 1.6
T.ga/eboides
T.confinnis 1.4 4.6 59.6 6
T.tenellus 1
Sub- total 1.4 5.9 46.2 80.2 20 7
Cladocera
C.comuta 2
D.excisum 4.7 0.3
D./umho/tzi
M./aticomis 0.7
Moina micrura 16.7 17.1 2.2 14 .8
Sub-total 21.4 17.8 2.2 0.3 16 -8
Rotifera
Ascomopha sp.
Asp/anchna spp. 0.7 35
B.angu/arls 0.9 4.3 0.8 3
B. ca/ycif/orus 0.4 0.8 8 8
B. caudatus 13.0 4.6 14.3 5.1 13 5
(
B. fa/eatus 0.9 5.9 6.1 2.7 9
B. patu/us 0
F. /ongiseta 24.7 2.0 1 3
F. opoliensis 2.3 3.9 3.6 5
K. eoch/earls 2.0
K. tropiea 28.8 52.0 19.4 4.3 22 5
Lecane bulla 0.8
Leeane spp. 1.9 0.7 0.7 2.4
Po/yarthra spp. 3.3 2.5 1.4 1
T.eylindrlea 1.4
Trlehoeerea spp. 3.3 1.3 0.4 1.1 4 28
Sub-total 77.2 76.3 51.6 19.5 64 85
Grand total 100 100 100 100 100 100
No. of species 12 14 11 13 15 9
•-•
.'.
CHAPTER 9
The diversity of macroinvertebrates in the Victoria and Kyoga lake
basin and their relationship to ecosystem functioning
By Pabire Gandhi Willy 2nd Lucas M. Ndawula
Fisheries Research Institute, P.O. Box 343, Jinja, Uganda
Introduction
Aquatic macro-invertebrates encompass all those organisms that can be seen with unaided
eyes. Most macro-invertebrates are categorised as semi-aquatic in that they are aquatic in
early stages, but live as terrestrial organisms as adults, while others like gastropods,
bivalves, Oligochaetae, Hirudinae and ostracods are exclusively aquatic. Some of them
such as mayflies lay eggs in water and subsequent stages also live in water until
adulthood when they emerge to live a terrestrial life. In others, eggs are laid near the
water, while some like members of Tendipedidae (midges) lay their eggs on the leaves of
aquatic macrophytes and after hatching their larvae creep into water.
Macro-invertebrates are economically important. They contribute, among other things, to
the diet of different species of fish (Greenwood 1966, Corbet 1961, EAFRO Ann.
Rep.1954/55, 1955/56, 1958). Gastropods and bivalves, for example are important prey
for Protopterus aethiopicus; chimomid and chaoborid larvae are important in the diet of
most demersal fishes while Ephemeroptera and Odonata nymphs contribute to the food of
juvenile L. niloticus (Ogutu-Ohwayo 1984). They thus occupy an important position in
aquatic food chains, linking primary production by algae to higher trophic levels
culminating into fish production.
Macro-invertebrates are also commonly used as indicators of nutrient enrichment in water
bodies (eutrophication), a widely occurring phenomenon in Ugandan lakes due to
negative human impacts. For the example, some chironomid communities (Saether 1979),
Oligochaetes (Matagi 1996) have been shown to be of use as biological indicators of
pollution. From unpublished reports and personal observations around Lake Victoria
some, like Caridina nilotica and mollusc shells are of economic value in that they are
commercially harvested, processed and incorporated into domestic animal feeds. Yet
others are parasitic on other aquatic organisms, e.g. Leeches and Argulids on fish
(Mbahinzireki 1977). Some Gastropods e.g. Bulinus spp. and Biomphalaria spp are
vectors of Schistosoma, which cause bilharzia in man. Other types are scavengers on dead
organisms e.g. fish and even vegetation thus helping in cleaning of the water bodies.
It is therefore important that the status of macro-invertebrates in water bodies be studied
in order to understand their ecological importance and contribution to fishery production.
Documented information on the biology and ecology of macro-invertebrates in Ugandan
waters is at present very scanty. Most of the early studies were based on analyses of
stomach contents of fishes from Lake Victoria and of limited scope (EAFFRO Annual
reports 1954/55;1956/57; 1958) although some specific studies (Macdonald 1956; Corbet
1958; Tjonneland 1958a, 1958b) were also carried out. During the late 1980s and the
1990s some detailed studies were carried out largely on aspects of distribution and
abundance of major macro-invertebrate groups in the northern part of the Lake Victoria
(Mbahinzireki, IDRC unpublished technical reports, Lehman et al. 1994). Despite the
widely acknowledged ecological importance of these organisms in aquatic habitats,
detailed information on their status and ecology is limited and virtually non-existent for
many other lakes in Uganda.
Over the past three to four decades most lakes have been greatly impacted by human
activities in the catchment areas involving vegetation clearance for agriculture,
overgrazing, encroachment on swampy buffer zones between water and land (ecotones),
release of untreated domestic and industrial wastes into waterways etc. Such impacts have
been aggravated by increasing human populations in most lake basin areas and have led
to influx of excessive nutrient loads (eutrophication) and pollutants (pollution) into most
water bodies. Environmental changes are considered to be the primary factors influencing
changes in species richness in aquatic habitats as a direct result of differences in tolerance
by the various organisms to different factors. The lakes surveyed during this study were
assumed to be at different stages of nutrient enrichment (lake trophy). The aim of the
study was to investigate the composition, distribution and abundance patterns of macro-
invertebrates, and compare possible differences within each lake (i.e. inshore vs offshore,
sediment vs macrophyte roots, sandy vs muddy sediments etc) as well as diffrences
between the different lakes.
This paper presents preliminary results on the diversity of macro-invertebrates in various
water bodies within the Victoria and Kyoga lake basins (including the River Nile) and
attempts to define the relationship between macro-invertebrate communities, ecosystem
functioning and fish production.
Study Area
The study area covered selected water bodies within the Victoria and Kyoga lake basins
namely, lakes Mburo, Kachera, Wamala,Kayanja, Kayugi, Nabugabo, Victoria, Victoria
Nile, Kyoga, Nawampasa, Nakuwa, Gigati, Nyaguo, Agu , Bisina, Kawi, and Lemwa
Materials and methods
Sediment and macrophyte samples were collected from the edge (macrophyte) inshore
and offshore areas (sediment) of each lake. Macrophytes were sampled using a wooden
quadrat of size 0.5 X 0.5 m. Roots of the macrophytes were dislodged from surrounding
vegetation using a machete. Only the roots were taken for invertebrate investigation. Root
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samples were placed in labelled polythene bags. A Ponar Grab was used to collect
sediment samples. Three hauls were taken from each sampling point and emptied into a
plastic basin. The bottom type was determined by visual inspection and described from
the texture of the sample. Samples were washed (concentrated) using a 500um-mesh net
washing bag and the semi-processed sample placed in a labelled bottle containing 5%
formalin or 45% ethanol. In the laboratory each sample was rinsed, poured on to a flat
tray, individual organisms sorted and taxonomically identified as far as possible.
Results
Lakes Mburo and Kachera
The taxonomic composition of Lake Mburo showed higher diversity of benthos (i.e. 10
taxa) inshore compared to offshore waters (4 taxa) (Tablela). Chironomus spp and
Chironominae were more abundant in inshore than offshore sediment. On the other hand,
Chaoborids were more numerous in the open water than in the inshore sediment. In Lake
Kachera, the two taxa: Chironomus spp and Chironominae showed a similar inshore-
offshore gradient of abundance as in Lake Mburo. Tanypodinae had higher abundance in
offshores waters in both lakes. Offshore sediments of Mburo and Kachera showed
similarity in that they both contained the four common taxa: Chironomus spp,
Chironominae, Tanyponidae and Chaoboridae and supported higher diversity inshore than
offshore.
From the papyrus (macrophyte) sample of Lake Mburo, a slightly higher diversity
comprising II taxa was observed compared toI0 recovered in sediments. Despite their
occurrence in very low densities, almost all organisms found in sediment samples were
present in the papyrus samples. Markedly high densities occurred in the papyrus samples
i.e. Chrionominae (10628 ind.lm2, Povilla spp (2144 ind.lm2), Coleoptera (533 ind.l m2)
etc (Table 8a ) Similarly, papyrus samples of Lake Kachera supported much higher
diversity of macro-invertebrates (13 taxa) than the sediments samples (7 taxa). The most
abundant taxa included Chironominae, Ceratopogonidae, and Coleoptera (Table 8a ). In
both lakes, there were no Chaoborids in the papyrus samples in contrast to the high
densities (1572 ind.lm2) observed in the sediment samples.
L. Wamala
Eight taxa: Chaoborids, Chironominae, Chironomus spp, Tanypodinae, Oligochaetes,
Hirudinea, Hydracarina and Ostracods were encountered. Like in most cases, inshore
sediment showed more diversity (with all the above taxa) than the offshores with only
five taxa. The Chaoborus sp. Chironomus spp, and Tanypodinae were the most abundant
organism in both inshore and offshore sites. Chironomus spp contributed 57.2% inshore
and 33.1% offshore, while Chaoborus sp 31.0% inshore and 52.2% offshore. Also
appeared in both localities were the Chironominae, and Oligochaetes. (Table 2 a & b)
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From the papyrus, a high diversity of 14 taxa were realised, with all the above taxa from
sediment appearing. Chironominae-( 49.9% ),Coleoptera-(24. 75),ostracods-
(5.7%),Oligochaete-(4.2%) and Chironomus spp-(3.3%) were the most abundant taxa
recovered. Other taxa present were Biomphalaria sp. Bulinus sp. Anisoptera, zygoptera,
Coleoptera and Trichoptera whose numerical contribution were indicated in Tables II a
&b.
R. Sio
Despite the sady bottom, which usually shows higher diversity of organisms, R. Sio
upstream and its mouth into Victoria were apparently devoid of macroinvertebrates.
However the sediment from the downstream (100m into the lake) gave bivales (Corbicula
, Sphaeria ), Melanoides sp , Oligochaetes and Chironominae . From Madwa rocky, a
station around, showed higher diversity of 7 taxa - Corbicula, Melanoides sp., Sphaeria,
Chaoborus sp. Tanypodinae, Trichoptera and Oligochaete. At both points the bivalves
(mostly Corbicula sp.) were the most abundant (Table 2 ).
From the macrophytes, Eichhornia spp, Biophalaria sp. Lymnaea sp. Coleoptera and
Trichoptera were recovered, the Biomphalaria being the most abundant (Tables II a &
b).
Lake Kayanja
Except for Chironomus spp, this lake was characterised by low numbers of macro-benthic
organisms compared to other lakes (Tables 3a and 3b ). However, the inshore sediment
showed relatively higher diversity of organisms (7 taxa) relative to the offshore sediment
(4 taxa). The most abundant taxon inshore was Chironominae (81.8%) while Povilla sp.
and Chaoborids, Anisoptera, Coleoptera, Trychotera and Ceratopogonids were much less
abundant (6 to < 2 %). In the offshore' sediments, all the four taxa Chironomus,
Chironominae, Tanypodinae and Chaoborus occurred in relatively high densities (136,
95, 109 and 136 ind.l m2 respectively, corresponding to 28.6%, 20.0%, 22.9% and
28.6%).
From the dominant shoreline macrophyte, Miscathidium, relatively low diversity of only
6 taxa was observed compared to 9 recovered from the sediment samples (Table 9a).
With the exception of Povilla spp. and Coleoptera which occurred in both habitat types,
Miscathdium supported somewhat different types of organisms i.e. Hemiptera (Naucaris),
oligochaetes, leeches and Hydracarina. Povilla spp. was the most abundant in the
macrophyte sample with 2416 ind.lm2 corresponding to 93.9% (Table 9b), while
oligochaetes, Coleoptera, Naucaris and Hydracarina were generally poorly represented
Lake Kayugi
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Due accessibility problems of this lake, only sediment samples were collected from the
offshore area. The sample contained only 5 taxa (Table 3a). Chaoborids were the most
abundant (789 ind.lm2) followed by Chironomus spp (571 ind.lm2), Tanyponidae (299
ind.lm2), Povilla spp and Ceratopogonids (I4 ind.lm2 each). The corresponding
percentages were shown in Table 3b.
Lake Nabugabo
A low diversity of only 3 and 2 taxa in sediment samples from the inshore and offshore
areas was observed. Chironomus spp contributed the highest percentage of organisms
(81.4 %) in the inshore area while other minor groups were Povilla spp and Odonata
(Anisoptera). In the offshore sediment Chaoborus spp was the main sediment component.
Other minor groups included Tanyponidae, Coleoptera, Trichoptera, and Ceratopogonids
(Tables 3a & 3b).
The macrophyte sample (Papyrus) also indicated generally low diversity and density of
organisms (Table 9a). A part from the Povilla spp, which occurred in both sediment and
macrophyte samples, the two substrates exhibited different organism composition. In the
sediment, Povilla spp. (7 ind.lm2), Anisoptera (7 ind.lm2), Chironomus spp (61 ind.lm2),
Tanyponidae (21 ind.lm2) and Chaoborids 361 ind.lm2 were recovered though in
relatively low concentrations. On the other hand the macrophyte fauna comprised
Ephemeroptera (32 ind.lm2), Naucaris (32 ind.lm2), Chironominae (64ind.lm2) in
addition to Povilla spp. which dominated the community (3520 ind.lm2 corresponding to
96.5%) (Tables 9a & 9b).
In general, the papyrus-macrophyte substrate supported higher density of 3648 ind.lm2
compared to the sediment with only 456 ind.lm2.
Victoria Nile (Bujagali and the Nile upstream ofL. Kyoga)
Samples taken from two points, one representing the shoreline area (RNB,) and another
the midstream area (RNB2) exhibited relatively high diversity of organisms compared to
other water bodies investigated. Gastropods (mainly Bellamya and Melanoid), Bivalves
(mainly Corbicula and Sphaeria), Ephemeroptera, Ostracods, , Chironominae and
OIigochaetae were represented in both shoreline and midstream sediments. On the other
hand, Tanypodinae, leeches and Trichoptera were absent in the shoreline sediment, while
Anisoptera, Chaoborids, Ceratopogonids and Cladocera were missing in the midstream
sample. Density of organisms was higher in the shoreline sediment (2449 ind.lm2) than
that from the midstream point (993 ind.lm2).
From the sediment sampled arround the river upstream of L. Kyoga, 6 taxa were
recovered in each of inshore and the offshore samples. From inshore Povilla sp.and
bivalves (Sphaeria sp.) were more dominant with 104 and 68 ind.lm2 respectively. They
each contributed 54".2% and 35.4% respectively. Other taxa included Gastropods(Pila
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Among the Kyoga lakes complex, Lake Nakuwa had the highest diversity of organisms
(14 taxa) from macrophyte samples. The macrophytes (Papyrus) here also supported
much higher diversity of organisms than the sediments (Table... ). The dominant group
was ostracods with a density of 14432 ind.lm2 corresponding to 82.8% of the total
number of organisms. Chironominae had 896 ind.lm2 (5.1%). Other minor taxa are shown
in Table lOa.
Lake Gigati
Two taxa, Trichoptera and chaoborids were recovered from the inshore sediment while
from offshore only chaoborids were found. Trichoptera constituted 56.8% while
chaoborids contributed 43.2% in the inshore sediment. Offshore sediment supported
higher density of organisms i.e.190 ind.lm2 compared to 95 ind.lm2 for the inshore
sediment (Tables 5a & 5b).The macrophte sample (Typha) contained two taxa,
Chironominae (66.7%) and Oligochaetae (33.3%).
Combined results show 2 taxa groups from each of the sediment and macrophyte samples
(Tables lOa& lOb).
Like in Nyaguo, the two substrates supported toally different taxa. The macrophyte
(typha) had Chironominae and Oligochaetes with the former contributing 68.7% while
oligochaets 33.7%. for the sediment, Chaoborids constituted 81.1% while Trichoptera
18.9%. Like in most of these lakes, macrophytes contained more overall total number
( 528 ind.lm2) than the sediment ( 143 ind.lm2).
Lake Nyaguo
Both inshore and offshore sediments contained 3 taxa each; Chironomus spp,
Tanypodinae and chaoborids for inshore and oligochaetes and Odonata (Anisoptera) and
Chironomus spp for offshore (Table 6a).
From the Papyrus macrophyte sample (Tables lIa & lib), 5 taxa were encountered:
Gastropods (planorbid) unidentified Ephemeroptera, leeches (with the highest
percentage), Coleoptera and Cladocera (a giant specimen!); a composition totally
different from that of the sediments.
Two other observations are worthy of notice with respect to this lake: Chaoborus sp. was
completely absent in the offshore sediment and the densities of organisms (725 ind.lm2
from the macrophyte sample and 280 ind.lm2 from the sediment samples) were
considerably low compared to other water bodies.
LakeAgu
This lake supported the lowest sediment diversity of organisms with only one taxon,
Chaoborus spp, recovered from the inshore sediment and with a very low density
estimate of 14 ind.l m2 (Table 6a).
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However, the macrophyte (Miscathidium) sample showed higher diversity of 6 taxa
including Povilla spp, Hemiptera (Naucaris), Chironominae, oligochaetes, Hirudinae and
unidentified Hemiptera with density estimates of 32 and 48 ind.lm2 Naucaris and other
unidentfied Hemiptera respectively, while the remaining taxa each had density of 16
ind.lm2 (Table II a) and the respective percentages shown in Table II b.
Lake Kawi
No organisms were recovered from the inshore sediment but two taxa, Chaoborus sp.( 41
ind.lm2, 30.1%) and Tanypodinae (95 ind.lm2, 69.9%). were present in the offshore
sample (Tables5a & 5b). In the macrophyte (Papyrus) sample, two taxa, Biomphalaria .
spp (66.7%) and Coleoptera (33.3%) were found. (Table lOb).
Density estimates of 69 ind.lm2 from sediment samples and 192 ind.lm2 from Papyrus
samples were considered to be very low compared to other lakes.
Lake Lemwa
Inshore sediment was d~void of organisms while three taxa, Chironomus spp (68 ind.lm2,
4.8%) Tanypodinae (639 ind.lm2, 45.2%) and chaoborids (707 ind.lm2, 50.0%) were
found in the offshore sediment (Tables Sa & 5b): In sharp contrast, the macrophyte
(Papyrus) sample supported a much higher diversity of organisms comprising13 taxa
(Table ... ). The most abundant taxa were Chironominae, (4400 ind.lm2), Chironomus spp
320 ind.lm2.) and Ephemeroptera (Povilla spp.) (228 indo1m2).
Other minor taxa included Bulinus spp. Biomphalaria spp, naucarids, Anisoptera,
Zygoptera, Tanypodinae, oligochaetes, Hirudinae, Coleoptera and ostracods. The density
estimates of organisms were 708 ind.lm2 the sediment sample 1702 ind.lm2 in the
Papyrus sample (TableIOa).
Discussion:
The results indicate that the type of substrate influences the diversity and abundance of
macro-invertebrates. In the majority of lakes, for example, macrophyte samples generally
supported higher diversity and abundance of organisms than sediment samples (Tables 8
to I I), the summary of which was shown in Fig. 3.
It is also apparent that bottom type also influences both the diversity and abundance of
macro-benthos. Sandy sediments for instance consistently favoured higher densities and
diversity of organisms than soft muddy bottoms. High macro-invertebrate diversity in the
inshore sample of Lake Mburo and samples from the River Nile (Fig. I) were both
associated with sandy bottoms. Similar results were observed in Nakawa station
contributing to the higher diversity of L Kyoga (Kgu), as seen in Fig.l. The factors
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responsible for these habitat preferences are, however, not clear and therefore merit
further investigation
There also appears to be a horizontal gradient of the diversity of sediment-dwelling
organisms (benthos) within different lakes. Higher diversity was mostly found to occur in
inshore compared to offshore sites in the majority of lakes (Figure I). However, their
densities per unit surface area was generally higher offshore than inshore (Figure2 )
although bottom "type, as observed above may change the trend.
Within lakes, different macrophyte types may also influence the diversity and abundance
of macro-invertebrates. In Lake Kachera (Lwebiriba station), the Nile cabbage (Pistia
stratiotes) contained a total of II taxa against '7 from papyrus sampled from nearly the
same point. Similarly, Eichhornia craccipes (water hyacinth) collected from the River
Nile entry point into Lake Kyoga), exhibited much higher diversity of macro-
invertebrates (19 taxa) than the Papyrus (13 taxa) taken in the nearby area. Nonetheless,
in both examples, the overall density of organisms per unit area was higher in Papyrus
samples than in other vegetation types. (Tables 12& 13).
Chironomid and Chaoborid larvae/ pupae occurred in sediment samples from all the lakes
surveyed with the exception of Lake Agu. In sharp contrast to all other lakes surveyed,
the latter showed signs of being in an oligotrophic state (i.e. clear transparent lake with
lush growth of submerged macrophytes on the lake bottom, with almost an intact riparian
swamp buffer zone). The absence in this lake of two of the most widely distributed
macro-invertebrates, may therefore be of potential use in classification of lake trophy
(fertility) based on invertebrate composition. On the basis of these observations, a lake
management option involving prohibition of encroachment on riparian vegetation of
water bodies seem to be an appropriate measure in order to slow down rampant water
quality degradation in most water bodies.
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sp.),Tanypodinae, Oligochaetes and Ceratopogonids .From offshore sedimets Sphaeria
sp. contributed 82.9%. Other taxa were Gastropods (Gabia sp. and Bellamya
sp.),Bivalves(Mutera sp. and Bysonodonta sp.) and Tanypodinae (Tables 4a & 4b).
Lake Kyoga-Iyingo
Only two taxa, Chaoboridae and Tanypodinae were encountered in samples from both
inshore and offshore sites. Both taxa occurred in inshore sediment while only
Chaoboridae was recovered from offshore. In the shoreline sediment, Chaoborids
, contributed 79.4% (541m2) while the rest 20.6% was constituted by Tanypodinae (14
ind.lm2) (Tables 5a & 5b). Chaoborids exhibited higher density of (871 ind.lm2) offshore
compared to 68 ind.l m2 in inshore sediment.
From the macrophytes (Papyrus)13 taxa were encountered The more abundant taxa were
Chironominae (2864 ind.lm2 , 54.2%), Povilla spp (1520 ind.lm2, 28.8%), unidentified
Ephemeroptera (320/m2, 6.1%), ostracods (240 ind.lm2, 4.5%), Naucaris (128 ind.lm2,
2.4%) and Biomphalaria (64 ind.lm2, 1.2%). Other minor taxa included chaoborids,
Anisoptera, Coleoptera, Hydracarina, Cladocera and Caridina nilotica. (Table lOa &
lOb).
Lake Nawampasa
Two taxa, chaoborids and ostracods were found in sediments from both inshore and
offshore areas of the lake. In the inshore sediment, only chaoborids (271m2) were present.
In offshore sample chaoborids constituted 60.3% of the total number, but at a low density
of 40 ind.lm2, while ostracods contributed 39.7% corresponding to a density of 27
ind.lm2 (Table 5a & 5b).
The macrophyte sample (Papyrus) showed relatively high diversity of 8 taxa. The most
common taxa were Chironominae (464 ind.lm2, 45.3%), Coleoptera (320 ind.lm2,
31.3%), Oligochaetae (128 ind.lm2, 12.5%) and Biomphalaria spp (48 ind.lm2, 4.7%).
Other minor taxa included Pila, Lymnae, Naucaris and Anisoptera each with a density of
16 indlm2 (Table lOa & lOb).
Lake Nakuwa
The diversity of organisms was lower in the inshore than offshore sediments. From the
latter, 6 taxa were found compared to only 3 in the former. Chaoborids, Tanypodinae, and
ostracods were present in both the offshore and inshore sediments. Chaoborids dominated
the offshore sediments with 1075 ind.lm2 corresponding to 86.8% while dominant group
inshore was ostracods with 54 ind.{m2 corresponding to 79.5%. Other taxa recovered
offshore were oligochaetes, ceratopogonids and melanoids (Tables 5a & 5b).
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Abreviations:
Mro Mburo
Kra Kachera Kgo Kyoga Iyingo
Wla Wamala Nsa Nawampasa
Kja Kayanja Nwa Nakuwa
Kgi Kayugi Gti Gigati
Ngo Nyaguo
Nbo Nabugabo Agu Agu
Vie Victoria nile Bna Bisina
Kga Kyoga Kwi Kawi
Kgu Kyoga Bukungu Lma Lemwa
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Table 1a
Abundance ( indo I m2) of benthic macroinvertebrates in the Koki lakes 1999.
Mro Kra
Taxa inshore offshore inshore
offshore
Chironomids (Chironomus sp.) 231 23 86 86
Chironomids (Chironominae) 730 23 5 9
Chironomids (Tanypodinae) 236 921 9 231
Ceratopogonids 5 5 63
Chaoborids 5 73
3143
Ephemeropera (Povilla sp.) 5
Ephemeropera (Caenis sp.) 9
Odonata (Anisoptera) 5
Hemiptera (Corixa) 5
Hirudinea 9
Hyradracarina (mites) 5
Ostracods 14
Total 1249 1040 115
3532
NO.oftaxa 10 4 6
5
100.0
offshore
2.4
0.3
6.5
1.8
89.0
100.0
4.3
4.3
100.0
0.4
0.7
1.1
100.0
Table 1b
Percentage composition of benthic macroinvertebrates in the Koki Lakes - 1999.
Mro Kra
inshore offshore inshore
18.5 2.2 74.8
58.4 2.2 4.3
18.9 88.6 7.8
0.4 4.3
0.4 7.0
0.4
0.7
Taxa
Chironomids (Chironomus sp.)
Chironomids (Chironominae)
Chironomids (Tanypodinae)
Ceratopogonids
Chaoborids
Ephemeropera (Povilla sp.)
Ephemeropera (Caenis sp. )
Odonata (Anisoptera)
Hemiptera (Corixa)
Hirudinea
Hyradracarina (mites)
Ostracods
Total
...
Table 2a
The abundance (ind. I m2) of benthic macroinvertebrates in lake
Wamala (April & Aug.1999) and R. Asio (Oct 1999)
Taxa Wla R. Sio
inshore offshore D' stream Madwa
Gastropods (Melanoides sp.) 41 14
Bivalves (Sphaeria spp) 544 68
. Bivalves (Corbicula sp.) 3102 776
I'. Chaoborus sp. 144 277 54
Chironomids (Chironominae) 4 3 14
Chironomids (Chironomus sp.) 266 176
Chironomids (Tanypodinae) 41 .65 204
Trichoptera 41
Oligochaetes 3 10 136 272
Hirudinea 2
Hydracarina 2
Ostracods 3
Totals 465 531 3837 1429
No. of taxa 8 5 5 7
Table 2b
The percentage composition of benthic macroinvertebrates in
lake Wamala (April & Aug.1999) and R. Asio (Oct 1999)
Taxa Wla R, Sio
inshore offshore D' stream Madwa
. Gastropods (Melanoides sp.) 1.1 1.0
Bivalves (Sphaeria spp) 14.2 4.8
Bivalves (Corbicula sp.) 80.8 54.3
Chaoborus sp. 31.0 52.2 3.8
Chironomids (Chironominae) 0.9 0.6 0.4
Chironomids (Chironomus sp.) 57.2 33.1
Chironomids (Tanypodinae) 8.8 12.2 14.3
Trichoptera 2.9
Oligochaetes 0.6 1.9 3.5 19.0
Hirudinea 0.4
Hydracarina 0.4
Ostracods 0.6
Totals 100.0 100.0 100,0 100.0
.'i
Table 3a
Abundance ( indo I m2) of benthic macroinvertebrates in different Nabugabo
satelite lakes 1999.
Kja Kji Nbo
Taxa inshore offshore offshore inshore offshore
Chfronomids (Chironomus sp.) 680 136 571 122
Chironomids (Chironominae) 95
Chironomids (Tanypodinae) 41 109 299 41
. , . Chaoborids 136 789 721
Ceratopogonids 14
Ephemeroptera (Caenis sp.) 54
Ephemeroptera (Povi/la sp.) 14 14 14
Odonata (Anisoptera) 14 14
Trichoptera 14
Coleoptera 14
Totals 831 476 1687 150 762
No. of taxa 7 4 5 3 2
Table 3b
Percentage composition of benthic macroinvertebrates taxa in the Nabugabo
satelite lakes, 1999.
Kja .Kji Nbo
Taxa: inshore offshore offshore inshore offshore
Chironomids (Chironomus sp.) 81.8 28.6 33,8 82.4
Chironomids (Chironominae) 20.0 17.8
Chironomids (Tanypodinae) 4.9 22.9 46.8 5.4
Chaoborids 28.6 94.6
Ceratopogonids 0.8
Ephemeroptera (Caenis sp.) 6.5
Ephemeroptera (Povi/la sp.) 1.7 9.3
Odonata (Anisoptera) 1.7 0.8 9.3
Trichoptera 1.7
Coleoptera 1.7
Totals . 100.0 100.0 100.0 100.0 100.0
,----
Tabla 48:
Abundance (ind.1 m2) of benthic macroinvertebrates in Victoria nile
VI. KI.
Taxa inshore offshore inshore offshore
Gastropods (Gobio sp. ) 54 14 27
Gastropods (Bellomyo sp. ) 68 163 9
Gastropods (Pito sp.) 5
Gastropods (Me/onoid sp. ) 789 68
Bivalves (CBe/oture sp.) 68
Bivalves (Sphoerlo sp. ) 27 27 68 372
Bivalves (Corllicula sp.) 286 14
Bivalves (Mutere sp.) 5
Bivalves (Byosonodonto sp.) 27
Ostracods 531 68
Ephemeroptere (Povillo sp.) 14 27 104
Ephemeroptera (Other sp.) 68 422
Odonata (Anisoptera) 14
Chironomids (Chironominae) 95 68
Chironomids (Tanypodinae) 27 5 9
Oligochaetes 204 14 5
Hirudinae (Leeches) 41
Trichoptera (Hydropsyche sp.) 41
Chaoborids 95
Ceratopogonids 109 5
Ciadocera (Giant type) 27
Totals 2449 993 192 449
No.ofTaxa 15 .13 6 6
Table4b:
Percentage composition of benthic "macro invertebrates in Victoria nile
VI. Kle
.Taxa inshore offshore 'inshore offshore
Gastropods (Gobia sp.) 2.2 1.4 6.0
Gastropods (Belllimya sp.) 2.8 16.4 2.0
Gastropods (Pito sp.) 2.6
Gastropods (Me/onoid sp. ) 32.2 6.9
Bivalves (CBe/oture sp. ) 2.8
Bivalves (Sphoerla sp.) 1.1 2.7 35.4 82.9
Bivalves (Corlliculo sp.) 11.7 1.4
Bivalves (Mutere sp.) 1.1
Bivalves (Byosonodonta sp.) 6.0
Ostracods 21.7 6.9
Ephemeroptera (Povilo sp.) 0.6 2.7 54.2
Ephemeroptera (other sp.) 2.8 42.5
Odonata (Anisoptera) 0.6
Chironomids (Chironomiriae) 3.9 6.9
Chironomids (Tanypodinae) 2.7 2.6 2.0
Oligochaetes . 8.3 1.4
Hirudinae (Leeches) 4.1 2.6
Trichoplera (Hydropsyche sp.) 4.1
Chaoborids 3.9
Ceratopogonids 4.4 2.6
Cladocera (Giant type) 1.1
Totals 100 100 100 100
Table Sa:
Abundance (ind. I m2) of benthic macroinvertebrates in different Kyoga
minor lakes July, 1999.
Kgo Nsa Nwa Gti
Taxa inshore offshore inshore offshore inshore offshore inshore offshore
Gastropods (Melanoids ) 14
Odonata (Anisoptera)
Chironomids (Chironomus sp.)
Chironomids (Tanypodinae) 14 95 95
Chaoborids 54 871 27 41 14 1075 41 190
Ceratopogonids 14
Oligochaetes 27
Tricoptera 54
Ostracods 14 27 54 14
Totals 68 871 41 68 163 1239 95 190
No of Taxa 2 1 2 2 3 5 2 1
Table Sa continuation
Ngo Agu Kwi lma
Taxa inshore offshore inshore offshore inshore offshore inshore offshore
Odpnata (Anisoptera) 14
Chironomids (Chironomus sp.) 41 27 68
Chironomids (Tanypodinae) 327 639
Chaoborids 122 14.0 41 707
Ceratopogonids
Oligochaetes 27
Tricoptera
Ostracods
Totals 490 68 14 0 0 41 0 1414
No of Taxa 3 3 1 0 0 1 0 3
Table 5b:
Percentage composition of benthic macroinvertebrates in different Kyoga
minor lakes July, 1999.
Kgo Nsa Nwa Gti
Taxa inshore offshore inshore offshore inshore offshore inshore offshore
Gastropods (Melanoid sp) 1.1
Odonata (Anisoptera)
Chironomids (Chironomus. sp.)
Chironomids (Tanypodinae) 20.6 7.7
Chaoborids 79.4 100.0 100.0 60.3 20.6 86.8 43.2 100.0
Ceratopogonids 1.1
Oligochaetes 2.2
Tricoptera 56.8
Ostracods 39.7 79.4 1.1
Totals 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Table 5b continuation
Taxa Ngo Agu Kwi lma
inshore offshore inshore offshore inshore offshore inshore offshore
Odonata (Anisoptera) 20.6
Chironomids (Chironomus sp.) 8.4 39.7 4.8
Chironomids (Tanypodinae) 66.7 69.9 45.2
Chaoborids 24.9 100 30.1 50.0
Ceratopogonids
Oligochaetes 39.7
Tricoptera
Ostracods
Totals 100.0 100.0 100.0 0.0 0.0 100.0 0.0 100.0
Table 6
Number of taxa from sedment for varius lakes inshores and offshores
lake Mro Kra Wla Kja Nbo Vie Kle Kgu Kgo Nsa Nwa Gti
inshore 10 8 8 7 3 18 6 18 2 2 4 2
No. of taxa
offshore 5 6 5 4 2 15 6 8 5 3 9 1
Table 7a
Grand totals of organims (ind. I m2) from the inshore and offshore of the individual lakes
lake Mro Kra Wla Kja Nbo Vie Kle Kgu Kgo Nsa Nwa Gti
inshore 2264 460 465 831 150 1002 192 699 48 41 260 95
No. of organisms
offshore 693 2278 531 476 750 626 449 234 '661 116 1043 190
Table 7b
The diversity of macroinvertebrates in both sediment and macrophyte roots from the individual lakes
lake Mro Kra Wla Kja Nbo Vie Kle Kgu Kgo Nsa Nwa Gti
Sediment 10 8 8 9 5 20 8 18 5 3 10 2
No. of taxa
Mcrophyte 11 23 14 6 4 13 18 18 10 10 15 2
r. Table 8a
The diversity and abundancy ( indo 1m2) of macro invertebrates
in sediment and macrophyte roots from the Koki lakes
L.Mro L.Kra
Taxa Sediment Papyrus Sediment Papyrus
Gastropods (Bulinus sp.) 11
Gastropods (Lymnaea) 16
Ephemeroptera (Povilla sp.) 3 2144
Ephemeroptera (other spp) 5 305 16
Odonata (Anisoptera ) 3
Hemiptera (Naucarids) 139 64
Hemiptera (Corixids ) 3 t .'
Chironomids (Chironomus sp.) 127 39 86 20
Chironomids (Chironominae) 377 10626 7 348
Chironomids (Tanypodinae) 579 64 120
Chaoborids 39 1572
Ceratopogonids 3 34 592
Tabanids 32
Trichoptera 32
Syrphids 16
Oligochaetes 437 144
Hirudinae 5 341 112
Coleoptera 533 3220
Hydracarina 160 3 32
Ostracods 7
Totals 1148 14801 1825 3744
No. of taxa 10 11 7 13
Table 8b
Percentage Composition of macroinvertebra!es in sediment and
macrophyte roots from the Koki lakes
L.Mro L.Kra
Taxa Sediment Papyrus Sediment Papyrus
Gastropods (Bulinus sp.) 0.1
Gastropods (Lymnaea) 0.4
Ephemeroptera (Povilla sp.) 0.2 14.5
Ephemeroptera (other spp) 0.4 2.1 0.4
Odonata (Anisoptera ) 0.1
Hemiptera (Naucarids) 0.9 1.7
Hemiptera (Corixids ) 0.2
Chironomids (Chironomus sp.) 11.1 0.3 4.7 0.5
Chironomids (Chironominae) 32.9 71.8 0.4 9.3
Chironomids (Tanypodinae) 50.5 0.4 6.6
Chaoborids . 3.4 86.2
Ceratopogonids 0.2 1.9 15.8
Tabanids 0.9
Trichoptera 0.9
Syrphids 0.4
Oligochaetes 3 3.8
Hirudinae 0.4 2.3 3
Coleoptera 3.6 62
Hydracarina 1.1 0.1 0.9
Ostracods 0.6
Totals 100.0 100.0 100.0 100.0
Table 9a
The diversity and abundancv ( indo I m2 \ of macroinvertebrates in
L. Kja L. Nbo
Taxa Sediment:;athidium Sediment Papyrus
Ephemeroptera (Povilla sp.) 7 12416 7 3520...
Ephemeroptera (Caenis sp.) 27 32
Odonata (Anisoptera ) 7 7
Hemiptera (Naucarids) 160 32
Chironomids (Chironomus sp.) 408 61
Chironomids (Chironominae) 48 64
Chironomids (Tanypodinae) 75 21
Chaoborids 68 361
Trichoptera 7
Oligochaetes 352
Hirudinae 32
Coleoptera 7 128
Hydracarina 128
Totals 654 13216 456 3648
No. of taxa 10 6 5 4
Table 9b
Percentage Composition of macroinvertebrates in sediment
and macrophyte roots from the Nabugabo sate lite lakes
L. Kja L. Nbo
Taxa Sediment:;athidium Sediment Papyrus
Ephemeroptera (Povilla sp.) 1.1 93.9 1.5 96.5
Ephemeroptera (Caenis sp.) 4.1 0.9
Odonata (Anisoptera ) 1.1 1.5
Hemiptera (Naucarids) 1.2 0.9
Chironomids (Chironomus sp.) 62.4 13.4
Chironomids (Chironominae) 7.3 1.8
Chironomids (Tanypodinae) . 11.5 4.5
Chaoborids 10.4 79.1
Trichoptera 1.1
Oligochaetes 2.7
Hirudinae 0.2
Coleoptera 1.1 0.1
Hydracarina 0.1
Totals 100.0 100.0 100.0 100.0
No. of taxa 10 6 5 4
Table 10a
Diversity and abundancy (ind./m2) of macroinvertebrates in sediment and macrophyte roots
from the Kyoga sate lite lakes
Kgo Nsa Nwa Gti
Taxa Sediment Eichhornia Sediment Papyrus Sediment Papyrus Sediment TyPha
Gastropods (Bi/linus sp. ) 336
Gastropods (Biomphalaria sp.) 64 48 496
Gastropods (Melanoid sp.) 7 64
Gastropods (Lymnaea) 16
Gastropods (Pita) 16
Ephemeroptera (Povilla sp.) 1520 144
Ephemeroptera (other spp) 320
Odonata (Anisoptera) 16 16
Odonata (Zygoptera)
Hemip. (Naucaris) 128 16 160
Hemiptera (others) 48 16
Chironomids (Chironomus sp.) 64
Chironomids (Chironominae) 2864 464 896 352
Chironomids (Tanypodinae) 7 48 16
Chaoborus spp. 463 16 34 545 116
Ceratopogonids 7 48
Tabanids
Trichoptera 27
Syrphids
Oligochaetes 128 7 176
Hirudinae (Leeches) 288
Coleoptera (beetles) 32 320 448
Hyradracarina (mites) 32
Ostracodes 240 14 34 14432
Cladocera (giant type) 48 16
Caridina nitotica 16
Totals 470 5280 48 1024 648 17424 143 528
No. of taxa 2 13 2 8 6 14 2 2
* -.-
Table 10b
Percentage Composition of macroinvertebrates in sediment and macrophyte roots from the
Kyoga sate lite lakes
Kgo Nsa Nwa Gti
Taxa Sediment Eichhornia Sediment Papyrus Sediment Papyrus Sediment Typha
Gastropods (Bulinus sp.) 1.9
Gastropods (Biompha/aria sp.) 1.2 4.7 2.8
Gastropods (Melanoid sp.) 1.1 0.4
Gastropods (Lymnaea) 1.6
Gastropods (Pila) 1.6
Ephemeroptera (Povilla sp.) 28.8 0.8
Ephem. (Other spp) 6.1
Odonata (Anisoptera) 0.3 1.6
Odonata (Zygoptera)
Hemip. (Naucaris) 2.4 1.6 0.9
Hemiptera (others) 0.9 0.1
Chironomids (Chironomus sp. ) 0.4
Chironomids (Chironominae) 54.2 45.3 5.1 66.7
Chironomids (Tanypodinae) 1.5 7.4 0.1
Chaoborus spp. 98.8 0.3 70.8 84.1 81.1
Ceratopogonids 1.1 0.3
Tabanids
Trichoptera 18.9
Syrphids
Oligochaetes 12.5 1.1 33.3
Hirudinae (Leeches) 1.7
Coleoptera (beetles) 0.6 31.3 2.6
Hyradracarina (mites) 0.6
Ostracodes 4.5 29.2 5.2 82.8
Cladocera (giant type) 0.9 0.1
Caridina nilotica 0.3
Totals 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Table 11a
The diversity and abundance (ind. I m2) of macroinvertebrates in sediment
and macrophyte roots from L. Wamala & R. Sio ( 1999)
Wla R. Sio
Taxa Sed. Pap. Sed. ~l&hk.
Gastropods (Biompha/aria sp.) 20 176
Gastropods (Bulinus sp.) 56
Gastropods (Lymnaea) 16
Gastropods (Melanoides sp.) 27
Bivalves (Sphaeria spp) 306
Bivalves (CorlJicula sp.) 1939
Odonata (Anisoptera) 4
Odonata (Zygoptera) 4
Ephemeroptera (Others) 180
Hemiptera (Naucaris) 12
Hemip(others) 8
Chaoborus sp. 143 27
Chironomids (Chironominae 7 1872 7
Chironomids (Chironomus s 409 124
Chironomids (Tanypodinae) 57 72 102
Coleoptera 928 16
Trichoptera 20 16
Hydracarina 2 0
Ostracods 3 212
Oligochaetes 13 156 204
Hirudinae 1 104
Totals 634 3752 2633 224
No. of taxa 8 14 & Lt
Table 11b
The percentage composition of macroinvertebrates in sediment and
macrophyte roots from L. Wamala & R. Sio ( 1999)
Wla R. Sio '
Taxa Sed. Pap. Sed. 811Chh.
Gastropods (Biomphalaria sp.) 0.5 78.6
Gastropods (Bulinus sp.) 1.5
. Gastropods (Lymnaea) 7.1
Gastropods (Melanoides sp.) . 1.0
Bivalves (Sphaeria spp) 11.6
Bivalves (Corbicula sp.) 73.6
Odonata (Anisoptera) 0.1
Odonata (Zygoptera) 0.1
Ephemeroptera. (Others) 4.8
Hemiptera (Naucaris) 0.3
Hemip(others) 0.2
Chaoborus sp. 22.5 . 1.0
Chironomids (Chironominae 1.2 49.9 . 0.3
Chironomids (Chironomus s 64.4 3.3
Chironomids (Tanypodiriae) 9.1 1.9 3.9
Coleoptera 24.7 7.1
Trichoptera 0.8 7.1
Hydracarina 0.2 0.0
Ostracods 0.4 5.7
Oligochaetes 2.0 4.2 7.8
Hirudinae 0.2 2.8
Totals 100.0 100.0 100.0 100.0
Table 12
L. Kachera, Lwebiriba site (Comparison between different macrophytes
sampled from the same point)
Taxa me cabbage Papyrus sp.
ind.! m2 % indo! m2 %
Coleoptera (beetles) 640 25 4000 81.2
Hirudinae (leeches) 160 6.25 64 1.3
Hydracarina (mites) 64 1.3
Hemiptera (Naucarids) 64 2.5 64 1.3
Oligochaetes 32 ..''1.25 256 5.2
Chironomids (Chironominae) 288 11.25 448 9.1
Tabanids (horseflies) 32 1.25 32 0.6
Ephemeroptera (Heptageniids) 32 1.25
Tricoptera 64 2.5
Syrphids 32 1.25
Ceratopogonids 1184 46.25
Gastropods (Lymnaea) 32 1.25
Totals 2560 100 4928 100
Noo of taxa 11 7
Table 12>
R. Nile up-stream of L. Kyoga (Comparison between Eichhonia craccipes and Pal
Taxa :0 craccipes Papyrus spo
ind.! m2 % ind.! m2 %
Gastropods -Gabia sp. 5 0.2
Gastropods -Bellamya sp. 11 0.4
Gastropods -Bulinus sp. 48 1.6 16 0.4
Gastropods -Biompha!aria sp. 53 1.8 32 0.7
Hemiptera - (Naucarids) 75 2.5 43 1
Hemiptera - (others) 21 0.7
Hirudinae (leeches) 261 8.8 821 18.7
Coleoptera (beetles) 21 0.7 75 1.7
Ephemeroptera (Povilla sp.) 1979 66.9 3147 71.8
Ephemeroptera (Caenis sp.) 117 4.0 75 1.7
Chironomids (Chironominae) 213 7.2 53 1.2
Oligochaetes 5 0.2 21 0.5
Hidracarina (mites) 32 1.1
Trichoptera 5 0.2 37 0.9
Tabanids 5 0.2
Odonata (Anisoptera) 37 1.3 53 1.2
Odonata (Zygoptera) 16 0.5 5 0.1
Caridina nilotica 48 1.6
Ceratopogonids 5 0.2
Bivalves 0.0 5 0.1
Totals 2957 100 4383 100
No. of taxa 19 13
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ICHAPTER 10
Fish Species Diversity in the Victoria and Kyoga Lake Basins, Their Conservation and
Sustainable Use
Abstract
Introduction of exotic fish species especially the Nile perch Lates niloticus, is believed to be
responsible for the decline of fish species diversity in lakes Victoria, Kyoga and Nabugabo.
About 60% of the haplochromine cichlids are thought to have become extinct from L. Victoria
due to predation by the Nile perch. However there are many lakes satelite to the lakes Victoria ('
and Kyoga basins which still have fish fauna similar to that of the main lakes. ;Many of the
satellite lakes are separated from the main lakes in which Nile perch was introduced by ,
extensive swamps that provide a barrier to Nile perch! A survey was carried out in a number of
these satelite lakes and an inventory made of existing fish species. Their distribution and
relative abundances were also determined. The lakes studied included Nawampasa, Nakuwa,
Kawi, Lemwa, Gigate, Nyaguo, Agu, Nabugabo, Kayanja, Kayugi, Mburo, Kachera and
Wamala. !Some habitats within the main lakes Victoria and Kyoga, especially those with rocky
outcrops and macrophyte cover that provide refugia for endangered species from Nile perch,
were also surveyed) Various stations along the River Nile were also sampled to quantify the
fish species that art still present. Kyoga minor lakes were found to have the highest number of
fish species especially ofhaplochromine cichlids. Many haplochromine trophic groups that were
thought to be extinct from L. Victoria still occur in these ,lakes.! Some of the satellite lakes,/,
Iespecially lakes Kayugi, Mburo and Kachera still contain healtH populations of Oreochromisesculentus that could be used as brood stock in fish farming. Many of these lakes shouldtherefore be protected for conservation offish species diversity.
Introduction
Fish species diversity in capture fisheries is very important as it provides choice for consumers
and plasticity in employment opportunities. It is also important in the ecological functioning of
the aquatic ecosystems. However,' human activities such as overfishing and species
introductions can cause rapid reduction in fish species diversity. Loss of fish species diversity is
a threat to the food supply, to the livelihood and health of the people and to the maintenance of
ecological functioning in the aquatic ecosystems.
Lakes Victoria and Kyoga had a high species diversity with many species in common.
Haplochromines were the most abundant group of fishes in these lakes and formed at least 83%
of the fish biomass in L. Victoria before the 1980s (Kudhongania & Cordone, 1974). They
were important as human food and in evolutionary studies. Lake Victoria alone had over 300
haplochromine species, more than 99% of them endemic (van Oijien et al., 1984; Witte et al.,
1992a). They occupied all trophic levels and played an important role in the flow of organic
matter in these ecosystems. Up to eleven trophic groups of haplochromine cichlids were
identified from the'Mw~~ Gulfalope{Witte&-van_Qijen,1990). The original fish fauna had
evolved into a trophic diversity that promoted efficient utilization of-most of the available
energy resources. Tilapiine cichlids and phytoplanktivorous haplochromines were the primary
converters, R. argentea and several other small fishes preyed mainly on zooplankton while the
major invertebratelbenthos feeders wereClarias spp, Schilbe intermedius, Synodontis spp,
Protopterus aethiopicus, Labeo victorianus and several mormyrids (Twongo 1988). The major
predator was Bagrus docmac. Two tilapiine species 0. esculentus and Oreochromis. variabilis
nwere the most important commercial species in these lakes and were found nowhere else except
in the Victoria and Kyoga lake basins. The rivers in the two lake basins had a number of
riverine species the commercially important of which was L. victorianus.
Stocks of the originally most important commercial species especially 0. esculentus, 0.
variabilis and L. victorinus were depleted by human exploitation during the first half of the 20th
century' (Graham, 1929). Thereafter the fishery shifted to the smaller originally less preferred
species, the haplochromines and R. argentea.
In an effort to sustain the declining fishery of the large species, four exotic tilapiine species
Oreochromis niloticus, 0. leucostictus, Tilapia zillii and Tilapia melanopleura were introduced
into lakes Victoria and Kyoga from 1953 onwards. Later, the predatory Nile perch. Lates
niloticus was introduced into L. Kyoga in 1955 and into L.Victoria towards the end of 1950s, to
feed on the haplochromine cichlids and convert them into a larger table fish, and also to develop
a sport fishery (Ogutu-Ohwayo, 1990).
The introduced species upset the original ecological balance of the lake and caused changes in
species diversity, the fishery and the environment of these lakes. Stocks of Nile perch increased
rapidly from 1965 onwards in L. Kyoga and between 1977 and 1983 in the different parts of
L.Victoria (Ogutu-Ohwayo 1990). As the stocks of Nile perch increased, fish species diversity,
especially of the haplochrornines, decreased rapidly. The contribution of haplochromines to
fish biomass in the lake decreased from 83% recorded during the 1970s to the early 1980s
(Kudhongania & Cordone) to less than 1% from the late 1980s onwards (Okaronon et el 1985).
About 60% of the haplochrornine species are thought to have become extinct from L. Victoria
alone (Witte et al 1992). Thereafter, the fishery oflakes Victoria and Kyoga became dominated
by the two introduced species Nile perch and Nile tilapia. Only one native fish species, a
cyprinid R. argentea initially remained dominant in the two lakes. Recent surveys have shown
that populations of two zooplanktivores haplochrornines Yissichromis laparograma and
Yssichtomis fusiformis are recovering in the offshore waters of L. Victoria (Tumwebaze, 1997).
The pelagic cyprinid R. argentea, a major prey species for juvenile Nile perch, is the only
indigenous fish species of commercial importance.
A number of other changes occurred, especially in L. Victoria, at the time the introduced
species became establised in these lakes. Algal biomass in L. Victoria increased four to five
times, phytoplankton production doubled and water transparency decreased (Mugidde 1992,
1993). Algal species composition changed and became dominated by blue-green algae.
Depletion of the detritivorous/phytoplanktivorous haplochromines which previously constituted
about 50% of the total haplochrornine biomass in L. Victoria, reduced grazing pressure and left
much of the algae produced in the lake unconsumed. Decay of the excess organic matter
depleted the water column of oxygen leading to hypoxic conditions in waters deeper than 40 m
especially during periods of stratification. This reduced habitable space for many aerobic
organisms and is thought to have forced deepwater haplochrornines into shallower waters where
they fell easy prey to Nile perch (Recky 1993, Ogutu-Ohwayo & Hecky 1991). The disruption
and reduction in stocks of the trophically diverse haplochromine community by Nile perch
changed the food web of the lakes and this seems to have reduced overall ecological efficiency
of the lakes. This contributed to accumulation of organic matter and the changes described
above.
,There are many satellite lakes in the Victoria and Kyoga lake basins which still have fish fauna
similar to that originally in the main lakes. Some of these lakes did not undergo introduction of
exotic species and are separated from the main lakes in which Nile perch was introduced. Many
of the satellite lakes are also surrounded by extensive swamps which provided a barrier to Nile
perch and other human impacts. Recent observations have indicated that most of the indigenous
species depleted from the main lakes due to Nile perch predation pressure are still present in
these satellite lakes (Ogutu-Ohwayo, et at 1998). There are also areas within the main lakes
especially rocky outcrops and macrophytes habitats which provide refugia for endangered
species both from Nile perch and anthropogenic impacts (Seehausen 1996; Namulemo 1997).
A study was carried out in a number of the satelite lakes and selected habitats within the main
lake to make an inventory of existing fish species, their distribution and relative abundance.
Objectives
The overall objective of the study was to assess the value of satellite lakes and other refugia in
conservation of fish species diversity. The specific objectives are to:
• Make an inventory of the fish species in the various satellite lakes and selected habitats in
lakes Victoria and Kyoga.
• Quantity the relative abundance and distribution of the various fish taxa within habitat types
and lakes
• Compare the fish species diversity between the different lakes and habitats
Study Area. Material and Methods
The study was based on 7 Lake Kyoga minor lakes, 2 Koki lakes, 3 Nabugabo lakes and Lake
Wamala. The Kyoga minor lakes were Nawampasa, Nakuwa, Gigate, Kawi, Lemwa, Nyaguo
and Agu. The Nabugabo lakes were lakes Nabugabo, Kayanja and Kayugi. The Koki lakes
were lakes Kachera and Mburo. Sampling was also carried out in the Napoleon Gulf of Lake
Victoria at five stations namely Kiryowa, Kikondo, Kirinya, Rwamafuta and Cliff. Some
stations along rivers Nile and Sio were also sampled
Fish specimen were obtained from experimental gillnets and basket traps. Three graded
fleets of monofilament nets were used on each lake. Each fleet consisted of 6 panels of mesh
sizes 1, 1.5, 2, 2.5, 3, 4 and 5 inches stretched mesh. On the lakes without a region of
submerged macrophytes like Kawi, Lemwa, Nakuwa and Lake Kyoga, the first fleet of nets
was set along the shoreline, a second series was set 20 m and a third 200 m away and parallel
to the shoreline. For lakes with macrophyte beds, like Nawampasa, Gigate, Nyaguo and Agu,
I
the first fleet of nets was set along the shoreline, the second within the aquatic macrophytes
and the third in the clear water. On L. Kyoga another fleet was set for offshore in the open
water. In lake Victoria, three fleets of gillnets were set. Each fleet consisted of 8 panels of
mesh sizes I, 1.5,2,2.5,3,4,5,6,7, and 8 inches. Rivers Nile and Sio were also sampled
using graded fleets of gillnets similar to those used in L. Victoria.
The nets were set at dusk, left overnight and retreived the following morning. On retrieval,
fish were sorted into taxonomic groups to species level whenever possible and the number
and weight of each taxa in each mesh size of net recorded. The fish that could not be
identified in the field were preserved in 10% Formalin, labelledwith date; habitat and time of
capture and transported to laboratory for species identification. Identification of fish to
species levelwas based on Greenwood 1981
Results
Species Composition. and Distribution
Lake Kachera
Fish species composition for Koki lakes is shown in Table 1. Experimental fishing was
carried out at three stations namely openwater, Kiwolya and Rwebiriba. From the openwater
station 4 fish taxa were recorded and they include Haplochromines (92%), 0. esculentus //
(7%), Protopterus aethiopicus (0.4%), and Oreochromis leucosticus (0.2%). From Kiwolya ///
eight fish taxa were recorded the most abundant were haplochromines (46.2%), 0. /
leucosticus (16.7%), C. liocephalus (12.8%), 0. esculentus (7.4%), C. gariepinus (3.4%), 0:
niloticus (2.3%), P. aethiopicus (0.8%) and T zillii (0.3%).' From Rwebiriba'six fish taxa
. were recorded and they included Haplochromines (85.8%), 0. niloticus (7.2%), O.esculentus
(6.5%), C. gariepinus (0.2%); 0. leucostictus (0.2%) .and P. aethiopicus (0.1%). The
haplochromine cichlids included H. squamipinnis. A.aeneocolor, A. al/uaudi and A. nubila
Lake Mburo
Experimental fishing was carried out at two stations namely Butibubiri and' Nyanga. At
Butibubiri, 6 'fish taxa were recorded. These were 'haplochromines, 0. :esculentus. 0.
niloticus, O. leucostictus, C. gariepinus, and P. aethiopicus; The haplochromine cichlids
belonged to. four species namely Astatoti/apia aeneocolor, Astatotilapia nubila,
Astatoreochromis al/uaudi and Harpagothromis squamipinnis. From Nyanga five fish taxa
were recorded and they included haplochromine' cichlids, 0. esculentus, O. niloticus. 0.
leucostictus and C. gariepinus. The haplochromirie species were as those recorded from
Butibubiri.
Generally, the inshore sites had the highest number of fish although distribution varied with
individual species. Numbers of .. O. esculentuS .. C. gariepinus and P. aethiopicus were
highest in the inshore fleets while O.ni/oticus was most abundant in the middle fleets.
Among the haplochromines, H. squamipinnis and A. aeneocolor were most abundant in the
offshore fleets while A. al/uaudi and A. nubila were most abundant in the inshore fleet.
LakeWamala
A total of 6 stations have been sampled namely Balikumi, Bukanaga, Katiko, Kilaza and
Kubagwe. From Balikumi 3.fish taxa were recorded namely A: nubila. O. niloticus and P.
aethiopicus. Number of fish washighest in the inshore fleet. Eight fish taxa were recorded
from Bukanaganamely haplochromines, 0. leucostictus, o.ni/oticUs. C. gariepinus.
Ctenopoma murieri. Clarias liocephalus. P. aethiopicus and Clarias carsoni. There were two.
species of: haplochromines namely A. nubi/a and Pseudocrenilabru.s multicolor. From
Kaliankoko, 4 species were recorded namely A. nubila. 0. ni/oticus. 0. leucostictus, and P.
• 1"-
. .
Table 1. Percent composition, by number, of fish taxa the Koki lakes
Fish species L.Mburo L. Kachera Total
Haplochromiine 95.5 90.6 93.\
Oreochromis esculentus 3.2 4.3 3.7
Oreochromis leucostictus 0.3 1.7 1.0
Oreochromis niloticus 0.8 \.4 1.1
Protopterus aethiopicus 0.\ 0.4 0.2
Clarias gariepinus 0.\ 0.6 0.3
Clarias liocephalus 0 1.1 0.5
Tilapia zillii . 0 0.0\ 0
Tota\ \00 \00 \00
Iaethiopicus. P. aethiopicus occurred only in the offshore fleet while the rest of the species
were most abundant in the middle fleet. From Katiko 5 species were recorded and they
included 0. niloticus, 0. leucosticus, C. gariepinus, P. aethiopicus and Tilapia zillii. The 3
species recorded from Kilaza included A. nubila, 0. niloticus, and 0. leucosticus. 0.
niloticus occurred mostly offshore while the other two species were most dominant in the
inshore fleet. The above 3 species were the ones also recorded from Kubagwe but were more
abundant in the inshore fleet.
Overall, 9 fish taxa were recorded from L. Wamala. Numerically the most a bundant species
was O. niloticus (55.5%), haplochromines (29.7%), 0. leucostictus (7.8%), C. gariepinus
(3.9%), Ctenopoma murueri (1.1%), C. liocephalus (0.8), P. aethiopicus(0.8), C.
carsoni(0.3%), T. zillii (0.02%) and Xenoclarias spp. Bukanaga had the highest number of
species followed by Katiko, Kaliankoko, then Balikumi, Kilaza and Kubagwe
Nabugabo lakes
Three lakes were sampled namely, Nabugabo, Kayanja, and Kayugi. The species
composition and relative abundance fish taxa recorded from the three Nabugabo lakes is
shown in Table 2. In Lake Nabugabo, five stations were sampled namely River Juma mouth,
Deadduck Bay, Lubira, Campsite and Openwater station. From Deadduck Bay station 9 fish
taxa were recorded and they included haplochromines, Brycinus sadleri, Lates niloticus,
Tilapia rendalii, 0. leucostictus, 0. niloticus, Schilbe intermedius, Synodontis afrofischeri
and T. zillii. From R. Juma mouth 10 fish taxa were recorded namely haplochromines, B.
Sadleri, Barbus kerstern, Gnathonemus longibarbis, L. niloticus, T. rend alii, 0. leucostictus,
0. niloticus, S. afrofischeri and T. zillii. From the Campsite 9 fish taxa recorded included
haplochromines, B. sadleri, L. niloticus, M grahami, T. rendalii, O. leucostictus, 0. niloticus,
Schilbe intermedius and T. zillii. From Lubira 4 fish taxa recorded included haplochromines,
B. sadleri, L. t:l.iloticus,O. niloticus, and S. intermedius. Four fish taxa were recorded from the
openwater station namely haplochromines, P. aethiopicus, L. niloticus and S. intermedius.
Four species of haplochromine cicWids were recorded from L. Nabugabo and they were
Astatotilapia velifer, Gaurochromis simpsoni, Paralabidochromis beadlei and A. alluaudi.
Overall thirteen fish taxa were recorded from L. Nabugabo and they included
haplochromines, B. sadleri, Barbus spp., G. longibarbis, L. niloticus, M grahami, 0.
rendalii, 0. leucostictus, O. niloticus, P. aethiopicus, S. intermedius, S. afrofischeri and T.
zillii.
Ten fish taxa were recorded from L. Kayanja namely haplochromines, B. kersterni, B.
sadleri, C. gariepinus, C. liocephalus, G. victoriae, M grahami, 0. esculentus, 0.
leucostictus, P. aethiopicus, and T. zillii. The haplochromine species included A. alluaudi, A.
nubila, Astatotilapia spp. and Prognathochromis venator.
From Lake Kayugi 7 fish taxa were recorded and tht:lYincluded haplochromines, B. sadleri,
B. kersterni, G. victoriae, 0. esculentus, P. catostoma and P. aethiopicus. The
haplochromine cichlids included A. velifer, A. nubila, G. simpsoni, A. alluaudi and P.
venator.
Overall twelve fish taxa were recorded from the Nabugabo lakes and these were
haplochromines, B. sadleri, Barbus spp., G. longibarbis, L. niloticus, M grahami, 0.
Table 2. Percent composition by number of fish species from the Nabugabo lakes
Fish species Nabugabo Kayanja Kayugi Total
Haplochromine 48.8 58.9 82.2 59.5
Barbus kersten 0.4 4.2 0.8 2.3
Brycinus sadleri 11.3 0.3 1.3 4.2
Clarias gariepinus 0 0.3 0 0.1
Clarias sp. 0 0.1 0 0.1
Gnathonemus victoriae 0 5.3 4.9 3.4
Gnathonemus longibarbis 0.2 0 0 0.1
Marcusenius grahami 0.1 23.7 0 11.6
Oreochromis esculentus 0 5.1 1.1 2.7
Oreochromis leucostictus 0.9 0.2 0 0.4
Protopterus aethiopicus 0.1 0.2 0.2 0.2
Tilapia zillii 0.9 1.7 0 1.1
Oreochromis rendalii 0.3 0 0 0.1
Synodontis afrofischeri 2.8 0 0 0.9
Lates niloticus II 0 0 3.7
Oreochromis niloticus 22.2 0 0 7.5
Schilbe intermedius 1.0 0 0 0.3
Petrocephalus catastoma 0 0 9.7 1.6
Total 100 100 100 100
rendalii, 0. leucostictus, 0. esculentus, 0. ni/oticus, P. aethiopicus, S. intermedius, S.
afrofischeri and T. zillii. The haplochromines included A. alluaudi, A. velifer, A. nubi/a, G.
simpsoni, P. beadlei, Astatoti/apia spp. and P. venator.
Lake Victoria
Sampling was carried out at five stations namely Kiryowa, Cliff, Kikondo, Kiryinya and
Rwamafuta. Overall, twelve fish taxa were recorded as shown in Figure I. Numerically,
Nile perch was the most dominant (42.3%) followed by haplochromines (30.7%),
Oreochromis ni/oticus (12.2%), T.zillii (8.9%), Synodontis afrofischeri (2.3 %) and Brycinus
sadleri (1.9%). Other species recorded in small numbers included Mormyrus kannume,
Oreochromis leucostictus, Synodontis victoriae, Clarias gariepinus, Oreochromis variabilis,
and Protopterus aethiopicus. Fish species distribution varied with species as shown in Figure
2, but generally the highest number of fish was recorded from the inshore fleet followed by
the middle and the offshore fleets. The average number of Nile perch, Synodontis spp. and
M. kannume increased from inshore to offshore while that ofhaplochromines, 0. ni/oticus , T.
zillii, B. sadleri, o.leucostictus, C. gariepinus, and P. aethiopicus decreased from inshore to
offshore. 0. variabilis was recorded only from the inshore nets. Number of fish species was
highest at Rwamafuta (12) and Kikondo (12) each, followed by Kiryowa (11), Kirinya (10)
and Cliff (8).
Among the haplochromines, twenty two species were recorded from the five stations as
shown in Table 3. The names that appear in quotes are cheironyms. Number of
haplochromine species was highest at Kiryowa (21) followed by Kikondo (18), Rwamafuta
(16), Kirinya (8) and Cliff (8). Overall relative abundance of haplochromine species is shown
in Figure 3. Numerically, the most dominant was Astatoreochromis alluaudi (17.9%)
followed by Astatoti/apia "unicuspid" (14.8%), Prognathochromis paraguiarti (12.7%),
Paralabidochromis ''yellowbody'' (10.6%), Paralabidochromis "goldchest" (9.8%),
Harpagochromis guiarti (7.5%), Astatoti/apia nubi/a (6.5%), Astatoti/apia "bicuspid"
(4.2%), Neochromis "scraperteeth" (3.2%), Neochromis nigricans (2.8%),
Paralabidochromis crassi/abris (1.6%), Paralabidochromis "velvetblack" (1.6%),
Paralabidochromis ''yellowbar'' (1.3%), Neochromis pseudonigricans (1.2%),
Paralabidochromis rockcribensis (0.9%), Astatoti/apia sp. (0.8%), Paralabidochromis
"shortsnout" (0.7%), Paralabidochromis "blue deepbody" (0.6%), Ptyochromis
xenognathus (0.5%), Paralabidochromis "sharpteeth" (0.4%), Paralabidochromis "bigeye"
(0.4%), Paralabidochromis chi/otes (0.2%) and Paralabidochromis "curvedhead" (0.2%).
Distribution of the different haplochromine species varied with distance from the shoreline as
indicated in Figure 4. P. chilotes, P. "btgeye" and "P. curved head" occurred in the inshore
fleet only. A. "unicuspid" were most abundant in the offshore fleet while the remaining
species decreased from inshore to offshore.
River Nile
Seven fish taxa were recorded and they included, in order of abundance, Mormyrus kannume
(37.9%), L. ni/oticus (23.7%), haplochromines (22.0%), Barbus altianalis (7.3%), B.sadleri
(3.1%),0. ni/oticus (2.1%), O.variabilis (1.8%), M. macrocephalus (0.6%), Bagrus docmac
(0.6%), T. zillii (0.5%) and crabs (0.5%).
•
1,6
0.5
0.9
Number Weight
• L ni/oticus
[illJ S. a/tofischeri
o Haplochromine
~B.sadleri
IS]O. niloticus
QOlhers
o T. zill;;
• L niloticus
[] S. afrofischeri
oHaplochromine
~B.sadleri
oO. nilaticus
00lhers
o T. zillii
•
Fig. 1. OVerall relative abundance of fish taxa, by r'tumb~r and weight.
240 35
220 L nllotlcus S. afroflscherl 30
200 25
180 20
180
15
140
120 10
100 5
eo 0
350 120
Haplochromine O. nllotlcus300 100..
Q) 250
.0 eo
; 200
c: eo
c: 150
til 40
Q) 100
~
50 20
0 0
25 120
B. sadlerl T. zlllll
20 100
eo
15
60
10
40
5 20
0 0
0 20 200 0 20 200
Distance in metres from the shore
Fig. 2. Overall distribution of dominant fish taxa
Table 3. The numerical abundance ofhaplochromine species recorded from each station in the
Napoleon Gulf (Lake Victoria)
Species Kirinya Kiryowa Cliff Kikondo Rwama Total
futa
A.alluaudi 5 304 0 6 1 316
P."goldchest" 27 154 20 12 20 233
Astatotilapia sp. 0 18 0 0 0 18
A."bicuspid" 11 34 3 14 25 87
A.nubila 45 110 1 3 1 160
A. "unicuspid" 8 45 27 289 3 372
Nnigricans 0 1 0 2 76 79
N pseudonigricans 0 0 0 4 29 33
N."scraperteeth" 0 18 12 45 1 76
P."big eye" 0 16 0 3 0 19
P."blue deep-body" 0 23 0 3 1 26
P.chilotes 1 3 0 12 1 16
P.crassilabris 0 18 0 7 13 38
P."curved head" 0 10 0 0 0 10
P."rockcribensis" 1 2 2 4 10 19
P."sharpteeth" 0 3 0 0 0 3
P."shorlsnout" 0 2 0 0 3 5
P."velvetblack" 0 20 0 2 16 38
P. "yellowbars" 0 10 0 4 0 14
P. "yellowbody" 0 0 0 0 245 245
P.xenognathus 0 1 1 12 0 14
H.guiarti 22 113 7 33 0 175
P.paraguiarti 0 99 52 163 1 315
TOTAL 120 1004 125 618 446 2313
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River Sio
Fifteen fish species were recorded from the mouth ofR. Sio. Numerically, the most diminant
species was Marcusenius grahami (23.8%), Barbus jacksonii (22.2%), Brycinus sadleri
(20.1%), S. victoriae (9.4%), Gnathonemus victoriae (5.1%), L. niloticus (4.7%), S.
afrofischeri (4.5%), Brycinus jacksonii (2.5%), C. gariepinus (2.0%), S. intermedius (1.8%),
O. leucostictus (1.8%), O. niloticus (0.9%), L. Victorianus (0.5%), haplochromines (0.5%)
and G. longibarbis (0.3%).
Kyoga
Eighteen taxa species were recorded and included haplochromines, L. niloticus, Brycinus
sadleri, Gnathonemus victoriae, 0. niloticus, Synodontis victoriae, Synodontis afrofischeri,
Mormyrus macrocephalus, T. zillii, 0. leucostictus, Schilbe intermedius, Protopterus
aethiopicus, C. gariepinus, Labeo victorianus, Gnathonemus longibarbis, Barbus altianalis,
Petrocephalus catastoma, and M kannume. The highest number of species occurred in
inshore (13) followed by offshore(ll) and middle fleets (8). Fourteen haplochromine species
were recorded as shown in Table 4. Their distribution varied with species but the highest
number occurred inshore.
Kyoga satelite lakes
Species composition and relative abundance of the fish taxa recorded from the various Kyoga
satelite lakes lakes is shown in Table 5. From Lake Nawampasa eleven fish taxa were
recorded and included haplochromines B.sadleri, T.zillii, O. esculentus, S. victoriae, S.
afrofischeri, 0. variabilis, C. gariepinus, 0. leucostictus, P. gariepinus, and 0. niloticus, S.
victoriae, B. sadleri, 0. esculentus, were most abundant in the offshore nets while the rest
occurred mostly in the the middlefleet. Twenty three species of haplochromines were
recorded. The middlefleet had the highest number of haplochromine species (17), followed
.' by the inshore (16) and the offshore fleets (13).
A total of twelve fish taxa were recorded and they included S. afrofischeri, S. victoriae,
Barbus spp., L. niloticus, haplochromines, C. liocephalus, 0. niloticus, S. intermedius, P.
aethiopicus, G. victoriae, 0. leucostictus and C. gariepinus. Number of species was highest
in the middlefleet (11) followed by the inshore fleet (9) and the offshore fleet (2). The
haplochromines have not yet been identified.
From L. Gigate 8 fish taxa wer recorded and they included haplochromines, B. sadleri, O.
leucostictus, 0. niloticus, C. gariepinus, P. aethiopicus, S. afrofischeri and Barbus spp.
Eighteen species of haplochromine cichlids were recorded. The middlefleet had the highest
number of species.
Eight fish taxa were recorded from L. Kawi and they included haplochromines, P.
aethiopicus, C. gariepinus, 0. leucostictus, 0. esculentus, S. afrofischeri, Barbus spp. and O.
niloticus. The highest number of fish was recorded from the inshore fleet followed by the
offshore and middle fleets. Fourteen haplochromine species were identified from L. Kawi.
The highest number of species was recorded from inshore fleet (13), followed by middle'fleet
(5) and the offshore fleet (3).
Table 4. The overall percentage composition ofbaplochromines by number from
the Kyoga lake basin.
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Lakes
Species Lemwa Kawi Agu Nyaguo Gigati Nawampasa Kyoga Kyoga Overall
minor
Astatoreochromis alluaudi 0.72 1.19 3.19 0.50 0.87 0.15 0.27 0.77 0.74
Astatoti/apia lati/asciata 0.00 0.00 0.64 0.00 0.69 1.41 0.00 0.70 0.66
AstatotUapia martini 0.10 0.00 0.00 0.74 0.04 0.00 0.00 0.05 0.05
Astatoti/apia nubi/a 22.98 8.71 3.19 25.81 0.43 0.30 25.97 4.24 5.56
Astatoti/apia "miniblack" 0.10 0.00 7.99 0.00 0.74 5.90 0.00 2.01 1.89
Astatolilapia "fattoth" 54.66 64.37 17.57 49.13 26.22 39.03 0.00 36.56 34.34
Astatolilapia "macrops" 0.00 0.16 0.00 1.49 0.28 0.07 0.00 0.23 0.22
Astatoti/apia "thicldipped" 0.00 0.00 0.00 0.00 0.07 0.04 0.00 0.04 0.04
Astastolilapia "kyogaastato" 0.00 0.00 0.00 0.00 0.00 0.15 6.97 0.04 0.46
Gaurochromis sp 0.00 0.00 0.00 0.00 0.00 0.15 0.05 0.04 0.04
Haplochromis lividus 13.04 0.63 43.13 0.50 43.74 32.27 0.14 31.98 30.04
Lipochromis "blackcryptodon" 0.21 3.48 0.64 0.74 0.39 0.82 0.14 0.64 0.80
Lipochromis cryptodon 0.00 0.40 0.00 0.50 0.05 0.00 0.00 0.09 0.08
Lipochromis microdon 0.00 0.24 0.64 0.00 0.44 0.41 0.00 0.36 0.34
Lipochromis obesus 0.00 2.69 4.79 0.50 0.97 0.67 0.00 1.10 1.03
Lipochromis parvidens 0.00 0.16 1.92 0.00 1.22 0.97 0.14 0.91 0.87
Lipochromis "white" 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.02 0.02
Lipochromis maxillaris 0.00 0.32 0.64 0.00 0.05 0.52 0.00 0.20 0.19
Paralabidochromis "blackpara" 6.83 1.43 0.00 0.00 0.02 0.00 40.73 0.75 3.19
Paralabidochromis "redfin " 0.10 0.63 0.00 0.00 0.25 0.59 0.00 0.35 0.32
Paralabidochromis "deep body" 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.02 0.02
Prognathochromis argentus 0.62 2.38 5.11 0.00 0.60 4.79 0.00 1.91 1.79
Prognathochromis "long lower jaw piscivore" 0.00 0.00 0.00 0.50 0.04 0.00 0.00 0.04 0.03
Prognathochromis pellegrini 0.00 0.00 2.56 0.00 0.00 3.79 0.00 0.98 0.92
Prognathochromis "si/vermale" 0.00 0.00 0.00 1.99 0.00 0.00 0.00 0.07 0.07
Prognathochromis "black red tail piscivore" 0.00 0.00 0.00 0.74 0.00 0.07 0.00 0.04 0.04
Prognathochromis "slil/eto" 0.00 0.08 0.32 0.00 0.00 1.89 0.00 0.47 0.44
Prognathochromis "shovelmouth" 0.00 8.31 2.24 13.90 1.60 2.90 19.27 2.98 3.97
Ptyochromis "gigatisheller" 0.00 0.00 0.00 0.25 0.04 0.04 0.00 0.04 0.03
Pyxichromis orthostoma 0.41 4.35 0.00 1.99 0.34 0.41 0.27 0.86 0.82
Paralabidochromis "victoriae" 0.00 0.00 0.32 0.74 0.00 0.00 0.00 0.04 0.03
Xystichromis phytophangus 0.00 0.16 5.11 0.00 20.81 2.34 0.27 11.13 10.47
Yssichromis "Iemwa zooplanktivore" 0.21 0.16 0.00 0.00 0.00 0.00 0.00 0.04 0.03
Yssichromis "kyoga zooplanktivore" 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.02
Paralabidochromis "earthquake" 0.00 0.00 0.00 0.00 0.00 0.00 2.32 0.00 0.14
Prognathochromis guiarli 0.00 0.00 0.00 0.00 0.00 0.00 0.68 0.00 0.04
Xystichromis "flame back" 0.00 0.00 0.00 0.00 0.00 0.00 2.41 0.00 0.15
Paralabidochromis "silverpara" 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.04 0.03
Haplochromis "unicuspid" 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.02 0.02
Astatoti/apia "redtailfattooth" 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.01 0.01
Astatolilapia "pseudomarlini" 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.05 0.05
Grand total 100 100 100 100 100 100 100 100 100
Table 5. Percent composition, by number, offish taxa from the Kyoga
minor lakes
Species Nawampasa Nakuwa Lemwa Kawi Gigate Nyaguo Agu
L.niloticus 0 12.8 0 0 0 0 0
0. niloticus 0.1 3.7 0.3 0.1 0.3 0 0
Haplochromines 67.5 11.0 89.3 69.4 67.3 5.9 80.8
C.murieri 0 0 1.0 0 0 0 7.1
A.frenatus 0 0 0 0 0 0.1 0
B.palludinosus 0 0 0 0 0 0.7 0
S.intermedius 0 3.7 0 0 0 0 0
P. aethiopicus 0.3 2.7 0 29.3 0.03 0.1 0.5
P.catastoma 0 0 0 0 0 .21.4 1.0
G.victoriae 0 1.8 0 0 0 1.1 0
G.longibarbis 0 0 0 0 0 0.5 4.5
M.nigricans 0 0 0 0 0 2.1 1.0
Mgrahami 0 0 0 0 0 0 0
M.macrocephalus 0 0 0 0 0 0.1 0
Mkannume 0 0 0 0 0 0 0
C.liocephalus 0 4.6 0 0 0 0 0
C.gariepinus 0.5 0.9 2.9 0.4 0.3 0.1 0
B.sadleri 26.0 0 0 0 31.1 67.4 0
L. victorianus 0 0 0 0 0 0 0
B.altianalis 0 12.8 0 0 0 0 0
B.trispidopleura 0 0 0.3 0 0 0 0
Barbussp. 0 0 2.3 0.1 0 0 0
S.victoriae 0.8 14.7 1.0 0 0 0.1 0
S.afrofischeri 0.7 32.1 0.3 0.2 0.03 0 1.0
O.esculentus 1.4 0 0.3 0.2 0 0.4 0
.o.leucostictus 0.3 1.8 2.3 0.4 0.8 0.1 0.5
O.variabilis 0.7 0 0 0 0 0 0
T.zillii 1.5 0 0 0 0 0 3.5
Total 100 100 100 100 100 100 100
Table 6. Percent composition, by number, of fish taxa from different pilot
zones
Species L.Kyoga Kyoga Lake Nabugabo Koki L.Wamala
minor Victoria lakes lakes
Lates niloticus 15.4 0.2 42.3 3.9 0 0
Oreochromis niloticus 2.5 0.3 12.2 7.8 1.1 55.6
Haplochromine 46 50.7 30.7 61.6 92.8 29.8
Ctenopoma murieri 0 0.2 0 0 0 1.1
Afromastacembelus frenatus 0 0.1 0 0 0 0
Barbus paludinosus 0 0.2 0 0 0 0
Schilbe intermedius 0.3 0.1 0 0.4 0 0
Protopterus aethiopicus 0.3 3.5 0.1 0.2 0.2 0.7
Petrocephalus catastoma 0.1 5.0 0 1.7 0 0
Gnathonemus victoriae 14.7 0.3 0 0 0 0
Gnathonemus .longibarbis 0.1 0.2 0 0.1 0 0
Marcusenius nigricans 0 0.5 0 0 0 0
Marcusenius grahami 0 0 0 12.0 0 0
Mormyrus macrocephalus 0.6 0 0 0 0 0
Mormyrus kannume + + 0.5 0 0 0
Clarias liocephalus 0 0.1 0 0.1 0.6 0.8
Clarias gariepinus 0.2 0.4 0.2 0.1 0.4 3.9
Brycinus sadleri 15 35.3 1.9 4.3 0 0
Labeo victorianus 0.1 0 0 0 0 0
Barbus altianalis 0.1 0.2 0 0 0 0
Barbus trispido 0 + 0 0 0 0..
Barbussp. 0 0.1 0 0 0 0
Synodontis victoriae 1.7 0.4 0.4 0 0 0
Synodontis afrofischeri 0.7 0.7 2.3 1.0 0 0
Oreochromis esculentus ... 0 0.3 0 2.7 3.7 0
Oreochromis leucostictus 1.0 0.7 0.4 0.4 1.1 7.8
Oreochromis variabilis 0 0.1 0.1 0 0 0
Tilapia zillii 1.1 0.3 8.9 1.2 + 0.02
Barbus kersteni 0 0 0 2.4 0 0
Oreochromis rendalii 0 0 0 0.1 0 0
! .
From L. Lemwa, 9 fish taxa were recorded and they included haplochromines, C. gariepinus,
0. leucostictus, Barbus spp.. S. victoriae, Clenopoma murieri. S. afrofischeri, 0. esculenlus,
Barbus lrispidopleura and 0. nilolicus. Eight species of haplochromines were identified
from the lake and their number was highest in the inshore fleet (7) followed by the middle (5)
and the offshore (3) fleets.
Fourt,eenfish taxa were recorded from L. Nyaguo and they included B. sadleri, P. catostoma,
haplochromines, M. grahami, G. vicloriae. Barbus paludinosus, G. longibarbis, 0.
esculentus. S. victoriae. Mastacembalus frenatus, P. aethiopicus. M. kannume. C. gariepinus
and 0. leucosticlus. Number of species was highest at the openwater site (12), followed by
middle and offshore fleets ( 9 each) and inshore fleet (7). Ten haplochromine species were
recorded from the lake and their number was highest in the inshore and offshore fleet (7) and
then middle and openwater (4).
From L. Agu 9 fish taxa were recorded and they included haplochromines, C. murieri. T.
zillii. G. longibarbis, P. catostoma. M. nigricans, S. afrofischeri. P. aethiopicus and 0.
leucostictus. There were eleven haplochromine species recorded and their number was
highest in middle and offshore fleets (8) and lowest in open and inshore fleets (5).
Discussion
Fish species composition of the different lake systems studied is shown in Tables 6 and 7.
The satellite lakes in the Kyoga basin showed the highest number of fish taxa (25), followed
by L. Kyoga (18), Nabugabo lakes (17), L. Victoria (12), Koki lakes (8) and L. Wamala (8).
The Kyoga satellite lakes also showed the highest number of haplochromine species (24).
Most of the trophic groups which which are thought to have disappeared from lakes Victoria
and Kyoga were found to occur in these lakes. Among the Nabugabo satellite lakes L.Kayugi
was found to be avery important lake since it still harbours healthy populations of O.
esculentus that is believed to be extinct in lakes Victoria and Kyoga. In L.Victoria habitats
with rocky outcrops and those aquatic macrophyte cover were found to be an important
refugia for native fish species especially the surviving haplochrominesin the lake. Lakes
Kachera and Mburo are also very important as they still have healthy populations of O.
esculentus in addition to being an important source of income and food for natives. L.
Wamala although it showed avery low number of fish species, it is an important source of
income and protein for local population. Rivers Nile and Sio are considered special sites
since they are a habitat to many riverine species such as L. Victorianus and Barbus spp.
Which are rarely encountered in the main lakes. They are also a source of income and food
for the natives.
Conclusion and Recomendations
The satelite lakes, and the rocky and macrophyte cover habitats surveyed during the study
were found to be very important refugia for the native fish species that have disappeared from
Lakes Victoria and Kyoga. These areas should therefore be conserved in order to maintain
fish species diversity. Many of these lakes are also an impotant source of income and food
for the local populations in their vicinity. They should therefore be managed properly for
sustainable production.
Table 7. Number of fish species in each of the lakes surveyed
Lake Haplochromines Other species Total
Kachera 4 7 11
Mburo 4 5 9
Wamala 2 8 10
Nabugabo 4 12 16
Kayanja 4 9 13
Kayugi 5 6 11
Victoria 22 11 33
R. Sio 1 14 15
R. Nile + 6 6+
Kyoga 14 18 32
Nawampasa 23 10 33
Nakuwa + 12 12 +
Kawi 14 7 21
Lemwa 8 8 16
Gigati 18 7 25
Nyaguo 10 13 23
Agu 11 8 19
I'
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CHAPTER 11
THE DIVERSITY OF AMPHIBIANS, REPTILES AND MAMMALS
AND THEIR IMPORTANCE IN THE VICTORIA AND KYOGA
LAKE BASINS
Mathias Behangana
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<zoology@imul.com>
1.0 IMPORTANCE
The documentation of the biodiversity of Lake Victoria and her surroundings cannot be
complete without studying the amphibian, reptile and mammal fauna.
'.
Some amphibian fauna such as Bufo vitattus are known to be common inhabitants of the
littoral and ecotone zones of lacustrine ecosystems'and can even indicate how far inland
the flood zones of a lake extends. '
Some reptiles, such as the Water Cobra - Naja melanoleuca and the File Snake -
Meheleya capensis are important predators of fish in water while the Nile Crocodyle -
Crocodylus niloticus uses aquatic ecosystems for its habitation and the Nile Monitor -
Varanus niloticus constantly uses the wetlands fringing aquatic ecosystems as a habitat
and constantly visits the littoral zone to feed on fish.
Some mammals also use aquatic ecosystems as their only habitats. These include the Spot
Necked Otter - Lutra maculicollis and the Hippopotamus - Hipopotamus amphibius.
The shore margins of Lakes in the Victoria basin are highly dented and mostly swampy,
fringed by Papyrus and other wetland vegetation types important habitats for
herpetofauna and wetland adapted mammals. Of recent, the extent of the 'wetland' has
been extended in several places by the Water Hyacinth (Eichornia cryaseps).
Ecologically, amphibians are important in many ways; they are mostly predators, acting as
primary and secondary camivores. Their prey consists mostly of insects, some of which are
pests to crops or disease vectors. They are also inter-inked in food chains, often acting as
food for other vertebrates, such as pigs, birds, snakes and sometimes man. Because of their
ectothermic physiology, the life history and ecology of amphibians often differ markedly
from that of birds or mammals (McCollough et ai, 1992). .
Amphibians are known to be an easily recognisable taxon in given habitats; and populations
are sometimes specialised within a narrow habitat. This makes it easy and practical to
monitor changes in composition over time, given different conditions (Heyer et al 1994,
Phillips 1990). Impacts on their habitat are reflected in changes in numbers and species
diversity in a short time. These are some of the factors that have made amphibians to be
recognised, nowadays, as good indicators of habitat change.
Though small by nature, Insectivores and Rodents are very good indicators of habitat
change. In addition they are important as a prey base for animals higher in the food chain,
such that an abundance of these small mammalian taxa can be safely deduced to mean a
healthy presence of predators that may not actually be sighted due to their habit. Locally
too certain categories of rodents are often important as pest species. Carnivores help in
population control of their prey species therefore environmental changes may have
important consequences for either. The ungulates on the other hand are highly valued for
aesthetic reasons (e.g. game viewing) and for hunting. However, they also compete for
forage and can cause serious damage in agricultural areas.
2.0 COMPOSITION
Reptiles are a class of vertebrates, comprising of turtles and tortoises, lizards including
chameleons, skinks including limb-less skinks, geckoes, crocodiles, monitors and all
types of serpents commonly known as snakes (Heyer et al 1994, Goin et al 1962).
Amphibians are a class of vertebrates, comprising of frogs, toads, caecilians, newts and
salamanders; forms that are phylogenetically intermediate between fish and reptiles
(Drewes, 1984; Noble, 1931; Young, 1981).
Mammals are a class of vertebrates comprising of warm blooded hairy animals that
nourish their young using mammary glands; forms that are phylogenetically mbre
advanced than fish, amphibians and reptiles and at about the same evolutionary level with
birds.
3.0 FACTORS INFLUENCING DIVERSITY
The presence of amphibians in relation to aquatic environments is mainly determined by
the size and extension of the littoral zone, macro and microhabitats availability for the
different aquatic fauna and the extension of wetland ecotones with the subsequent
terrestrial wetland ecosystems surrounding the aquatic environments.
Amphibians are said to be the first animals to have left water and got adapted to terrestrial
conditions by acquisition of lungs (unlike lungs in fish). However, most amphibians are
not completely independent of aquatic environments because they must at one time
(mostly during breeding and early stages of growth) return to water for breeding and
feeding.
The conservation of any aquatic ecosystems cannot therefore be complete without
conserving the immediate surrounding habitats, which also happen to be important for
most amphibians, some reptilian and mammalian fauna.
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4.0 STUDY AREAS
Napoleon Gulf: The Napoleon Gulf was first surveyed for suitable sample sites. Four
sites were selected, three on the Northern shoreline and one on the Southern shoreline.
These sites were subsequently geo-referenced using a Magellan GPS 2000. The following
co-ordinates represent the respective sites:
ULATI Stream:
Masese Quarry:
Railway Terminal
Bugungu Stream:
00°.25' 22"N, 33° 13, 52"E
00° 26' 01 "N, 33~ 14' 04"E
00° 24' 55"N, 33° 12' 32"E
00° 24' 04"N, 33° 11' 29"E
The dominant vegetation in the ULATI stream sample area is mostly pure stems of
Cyperus papyrus with a few Water Hyacinths at the edges of water. This is also true for
the only site sampled on the southern bank near Bugungu fishing village.
Vossia sp., the Water Reeds and the Ambach trees just at the edges of the water on the
other hand dominate the Masese Quarry and the Railway terminal areas
Majanji - Lake Victoria: Two sites were selected along the shoreline for sampling. The.
following co-ordinates represent the respective .sites:
Maddwa Landing Site:
Sio River:
00° 14' 28"N, 33° 59, 36"E
00° 13' 53"N, 34° 00' 30"E
The dominant vegetation in the Sio River sample area is mostly pure stems of water reeds
with a few Water Hyacinth at the edges of water, while Vossia sp. dominates Maddwa
. landing site that was sampled for amphibians. A few Ambach trees just at the edges of the
. water were encountered scattered in the study area at the edges of water.
The whole area was characterised by a shallow shoreline such that fishermen could cross
the lake at this point from Maddwa landing site to Kenya using a pole.
KOKI LAKES (MBURO AND KACHERA)
Lakes Mburo and Kachira were formed as a result of River Rwizi flooding downstream
and overflowing the banks and the swamps of Mburo and Lake Nakivale and flooding the
valleys along its course to Lake Victoria.
Lake Mburo, which is at the head-stream, is the smaller of the two lakes studied. To the
north and west, the shoreline of Lake Mburo is generally deep with a dense mass of
floating papyrus swamp (up to 50m in some places). The swamp is intermixed with
twiners. The whole lake was surveyed using a boat for megafauna while two other sites
were studied for amphibians and small mammals. These sites were Nyangapoint 00 °
41'15""5; 30055'32"E and shore.s of Campsite 3 on the eastern shoreline. These were
3
I
'"
characterised with laterite beach and boulders jutting into the lake for the former and
muddy beach with some papyrus swamp for the later. The background was of savanna
woodland of mainly Allophylus afrieana.
Lake Kachera is located downstream of the Rwizi River with two outlets. One at the tip
of the lake in the north-east and another at the base in the south through the swamp giving
rise to Lake Kijanebalola which also has an outlet to the east and Lake Victoria. The lake
has. generally reduced in volume creating dry beaches with drying wetlands mainly of
papyrus swamp behind. There is a lot cultivation taking place especially the northern axis
of the lake sometimes tip to the lake.
Three sites were studied namely at Lwanga (00034'14"S; 31°06'27"E), River Rwizi inlet
(00° 39'58"S; 31°04'29"E) and Kakoma landing site (00° 39'41"S; 31°39'14"E) where a
trapline was place for catching small mammals. .
LAKE WAMALA AND KYOGA LAKES
Lake Wamala: The waters of Lake Wamala have constantly been fluctuating between
highs and lows over several years. At one time, when Lake Wamala receded, the swamp
grew up more profusely covering large areas. When the floods came in with the El nino
rains, the papyrus swamp formed floating islands while some of it kept anchored to the
Ambach trees.
The dominant vegetation of the ecotone areas of Lake Wamala was papyrus - Cyperus
papyrus and the Ambach - Aesehynomene sp. These extend to form a swamp for over 5-
km in some areas with n average of 500 -1OOOkmstretch in most areas.
Georeferencing Sample areas
Kibinba river outlet. 00° 21' 05"N, 31° 52, 28"E
Because of the fringing and floating swamp up to about 8 kilometres from the water edge,
sampling could not be done for rodent trapping.
Katiko landing site 00° 22' 57"N, 31° 58, 03"E
This site was intensively sampled for'amphibian species for three nights.
BagweIsland trap-line: 00° 21' 33"N, 31° 54, 34"E
This site was sampled for small mammals.
KYOGALAKES
Iyingo Bay: Sampling for small mammals was carried out along a 200-metre access
channel for canoes on the western bank. For herpetofauna, a stretch of about Ikm was
studied with detailed evening sampling being carried out around Iyingo landing site
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where other wetland vegetation such as the water lilies, Cyperus species and the water
hyacinth abound.
Georeference of study sites
Iyingo Bay landing site: Trap-line: 01° IS' 39"N, 33° IS, 22"E
Lake Nawampasa: Lake Nawampasa is a small lake surrounded by swamp vegetation of
mainly MiscanthidiulJJ Papyrus abounds towards the inner edges of the water while a rare
aquatic grass by the name Urythrum digitatus which is free floating together with the
water lilies form an extensive wetland of the recently flooded area.
Sampling for small mammals was done between along a 200-metre stretch access route to
landing, on ether side ofthe channel, up to the edges of open waters. Trap-line: 01° 16'
2S"N, 33° 21, 32"E
Lake Nakuwa: The waters of Lake Nakuwa are rather turbid due to sedimentation and
mud. The banks are muddy too and the wetland is dominated on the lakeside by a healthy
papyrus swamp. Suddia and the Water hyacinth reappear as free floating and fringing
respectively. Floating islands are quite common too. Sampling for small mammals was
done along a 200-metre stretch at the edges of the lake, mostly in the pure papyrus.
Trap-line: 01° 15' 25"N, 35° 25' 29"E
Sampling for amphibians was carried out close to the landing site accessing the lake.
5.0 STUDY METHODS
Museum special traps (Sherman..traps) and break back traps were used for sampling small
mammals in the all sample sites. Other mammals were opportunistically recorded
whenever they were encountered in the study area. The traps were baited using bait
prepared from wheatabix and peanut butter. 25 to 30 traps were set in each study site.
An attempt to use the Time Constrained Count (TCC) technique was futile as the time of
residence in each study site was short (usually 2 nights or less) the method involves
moving through a homogeneous habitat in unit hour, recording every species
encountered, heard or seen. It requires the person sampling to know very well the male
calls made by each species. Relative abundance would be estimated by giving a species
that calls in the first 10 minutes of a sample hour a value of six (6), another species
calling in the next 10 minutes a value of 5 and so on until the last 10 minutes when a
species that calls then receives a value of I. Subsequent TCCs would be added together
for each species and a mean score calculated. A species with a high mean score is said to
be more abundant than on with a lower mean score.
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Opportunistic Hand catching of amphibian species was the most utilised method. Using a
torch with a strong beam of light to locate the amphibians, I would grab the amphibian
specimen and take it to the lab for studying morphometries. Voucher specimens would
then be prepared, tissues fixed using 10% formalin and preserved using 40% alcohol.
Reptiles could only be studied using opportunistic recording.
6.0 STATUS OF EACH TAXON IN THE VICTORIA AND KYOGA LAKE
BASINS WITH IUCN RED LIST CATEGORISATION
A total of 18 amphibian species, 14 reptile species and 15 mammal species were recorded
for the Victoria Lake Basin ecosystem. Alternatively, 18 amphibian species, 12 reptile
species and 5 mammal species were recorded for the Kyoga Lake Basin.
Amphibians
Table 1: Amphibian fauna of the Victoria Lake Basin
SDecies Local Name NaDo Maja Mbur Kachi Waml
1. Buro reJ(Ularis p 8 P P 30
2. Buro vilaltus p 17 55
3. Hvoerolius cinnanamomeovenlris p 3
4. Hvlarana albolabris p 4
" I
5. Hyoerolis kivuensis p 17 9 P 5
6. Hvoerolius nasulus p 2
7. Hvoerolius Quadriviltalus p 36 P 10
8. Hyperolius virdiflavus bayoni p 21 4 P 5
9. Hvoerolius viridiflavus viridiflavus 5
10. Kassina seneflalensis p
11. Leplopelis boca~ei p
12. Phrynobalrachus nalalensis p I
13. Ptvchadena mascareniensis p 6 P P 2
14. Ptychadena porissisima p 2 P P 1
15. Ptvchadenaoxyrrhynchus p p
17. Rana anflolensis P 2 I
18. Rana occipitalis p 10 I
Where:
Napo = Napoleon Gulf - Lake Victoria; Maja = Majanji - Lake Victoria
Mbur = Lake Mburo; Kachi = Lake Kachira; Wama = Lake Wamala
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Table 2: Showing the number of species in each bio-indicator taxon in each
Lake.
Taxonomic Group
Amphibians ReptilesSampling Site
VICTORIA BASIN LAKES
Napoleon Gulf
Majanji - Lake Victoria
Lake Mburo
Lake Kachera
LakeWamala
KYOGA BASIN LAKES
Iyingo - Kyoga major
Lake Nawampasa
Lake Nakuwa
Species Diversity
12
II
7
9
13
II
13
12
9
5
9
7
4
II
4
4
Mammals
6
8
4
4
6
5
4
4
In the Victoria Lake basin, one notes that Lake Wamala was the most species diverse site
in terms of amphibian fauna with I3 species (table 2 and Fig. I), followed by Napoleon
Gulf (12 species) and trailed by Lake Mburo which was species poor with only 7 species.
In the Kyoga Lake basin, Lake Nawampasa uniquely stands out as the most species rich
site (13 species) Followed by Lake Nakuwa (\2 species) and trailed by Iyingo (\2
species).
However, overall, the Kyoga basin lakes were observed to have relatively high species
diversity (average 12) than the Lake Victoria Basin sites.
In terms of reptiles, Lake Mburo and Napoleon Gulf were the most species rich sites (9
species each), while Lake Wamala was the most species poor site (4 species). This could
be due to extensive swamps and the periodic flooding of the lake, causing destruction of
reliable reptile habitats.
In the Lake Kyoga basin, lyingo was the most species rich site (\ 1 species) while Lakes
Nakuwa and Nawampasa were species poor (4 species each). The high diversity at Iyingo
could be attributed to the extensive Precambrian rock outcrops, which at some places
enter the lake waters. Iyingo was also the only site so far where the Striped Skink
(Mabuya striata), the Rainbow Skink (Mabuya quinquetaeniata) and the Speckle-lipped
Skink (Mabuya Mculilabris) are sympatric.
In terms of mammal species in the Victoria basin, Majanji had the highest species
diversity (8 species) followed by Lake Wamala (6 species) and trailed by the Koki Lakes
(Mburo and Kachera at 4 species each). The recording of the Papyrus Rat (Pelornys
hopkinsi) in the River Sio - Majanji sampling area compounds the significant importance
of conserving this area. This species has only been recorded twice in Uganda. Its presence
in the swamps along the river makes the site the only third locality where this species has
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been recorded in Uganda. The diminutive extensive swamps of Lake Wamala are very
important in conservation of the Sitatunga (fragelphus spekii
In the Kyoga Lakes, Iyingo was the most species diverse site (5 species) while both Lakes
of Nakuwa and Nawampasa show a poor mammal diversity of 4 species each. Note
however, the presence of the Sitatunga, an IUCN indexed species, makes the swamps
surrounding these lakes important habitats for its conservation.
Table 3: Amphibian fauna of the Kyoga Lake Basin
Species Local Name Ivinp"o Nawampasa Nakuwa
J. Buro ref?Ularis 10 6 P
2. Buro vitattus 55 41 P
4. Hvlarana albolabris 2 P
5. HVDerolis kivuensis 5 9 P
6. HVDerolius nasutus 2 3 P
7. Hyperolius auadrivittatus 10 13 P
8. Hyperolius virdiflavus bavoni 5 7 P
9. Hyoerolius viridiflavus viridiflavus 5 6 P
10. Kassina sene"alensis I
J 1. LeDtoDelis bocaf!ei 2
J 2. Phrvnobatrachus natalensis 2 3 P
J 3. Ptychadena mascareniensis 2 1 P
J 7. Rana an"olensis 1 2 P
J 8. Rana occinitalis 2 '. 7 P
About 26 amphibian species were envisaged to be encountered representing about 25% of
the total number of species in Uganda. Of these, only" 8 species have so fan not been
encountered namely:" Bulo steindachneri, HylanmG galamensis, Hyperolius kivuensis
bituberculalus, H. paraUelus argentovillis, H. v.variabilis, Leptopelis christyi,
Phrynobalrachus ukingensis mabibiensis and Ptychadena anchitae. It is hoped that as
more sampling during different climatic regimes is done, more species will be
encounterd.
There is a world-wide decline of Amphibian Populations. Uganda's Amphibian
populations are not well known. The !UCN Red List Category for most amphibian
species can be said to be Data Deficient.
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Reptiles
Table 4: Reptilian fauna of the Victoria Lake Basin
Snecies Local Names Nano Maia Mbur Kachi Wama
1. Adolphus jacksonii Jackson's Forest Lizard p
2. Mabuva maculilabris Soeckle-liooed Skink p p p p P
3. Mabuva striata Common Strioed Skink p p
4. Chamaeleo laevirmtus Smooth Chameleon p
5. Agama atricollis .Common Tree A!!ama p p P
6. AIractasnis irregularis BurrowinQ' Viner p
7. Dromonhis sn. p
8. Meheleva cafJensis File Snake p
9. Naja melanoleuca Water Cobra p p p p P
10. Naja nif!ricollis Soittin!! Cobra p
11. PsammofJhis sibilans Sand Snake p
12. Python sebae RockPvthon p p p p P
13. Varanus niloticus Monitor Lizard p p p P
14. Cocodvlus niloticus Nile Crocodile p p p
Table 5: Reptilian Fauna of the Kyoga Lake Basin
Soecies Local Names (vinao Nawamoasa Nakuwa
1. Hemidactylus mabouia Common House Gecko Common
brookii
2. Mabuva maculilabris Speckle-Iiooed Skink Common Rare Rare
3. Mabuya Rainbow Skink Rare
quinquetaeniata
4. Mabuva striata Common Strined Skink Rare
5. Chamaeleo laevif!atus Smooth Chameleon Rare
6. Agama af!ama Common A!!ama Common Rare Common
7. Naja melanoleuca Water Cobra Rare Rare
8. Naja niQ'ricollis SoittinQ' Cobra
9. philonthamnus so. Rare
10. Python sebae Rock Pvthon Rare Rare
II. Varanus niloticus Monitor Lizard Common Common Common
12. Cocodvlus niloticus Nile Crocodile Rare Rare
Of the predicted reptile species, only the House Snake (Lamprophis fulginosus) the
Gracile Chameleon (Chamealeo gracilis), Bell's Hinged Tortoise (Knixys belliana).
Others include the Puff Adder (Bitis arietans), the Tree Snake (Thelotornis kirtilandi),
the Horned Viper (Bitis nasicornis), and the Eastern Egg-eater Snake (Dasypeltis scabra).
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The Marsh Terrapin Pelomedusa subrufa was recorded more than 5 kilometres for Lake
Nawampasa.
Table 6: Showing reptilian species with their IUCN Red List Status and CITES
categories
Class Order Family Species Common Name Author IUCN Cites I
& Status Appendix
Year I
Reptilia Testudines Pelomedusidae Pe/omedusa subrufa African Helmeted Bonnaterre E III
Turtle 1789
/Marsh Terrapin
Crocodylia Crocodylidae Crocodyus niloticus Nile Crocodile Laurenti 1768 E II
Sauria Chamaelionidae Chamaeleo gracilis Gracile/Graceful Hallowell E II
/Spur -heeled 1842
Chamaeleon
Chamaefeo !aevigatlls Gray 1863 E II
Serpentes Boidae Python seboe African Water/Rock Gmelin 1789
Python
Mammals
Table 7: Mammalian fauna ofthe Victoria Lake Basin
Snecies Common Name Nano Maia Mbur Kachi Wama
1. Loohuromys sikavusi 2 2 I
2. }vlastomys hildebrandtii Multimammate Rat 2
3. Pelomys hovkinsi Panyrus Rat 2
4. Crocidura infinetisrnus Least Dwarf Shrew I P
5. Crocidura mourisca Nothern Swamp Musk 2 P
Shrew
6. Cocidura olivieri Nothern Giant Musk I
Shrew
7. Crocidura turba Southern Woodland
I
2
Musk Shrew
8. Oenomys hypoxanthm Rusty-nosed Rat 2 2
9. Praomys iacksoni I I
10. Alilax oaludinosus Marsh Mongoose I P P P P
1 I. Lutra maculicollis Snot-necked Otter 6 2 6
~ Pk
12. Geneta servelina Serveline Genet P
13. Hivvovotamus amvhihius Hippopotamus 2 181 2
14 Tragelvhus svekii Sitatunga I r
15. Cercooithecus aethioDS Vervet Monkey 5
p
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Table 8: Mammalian fauna of the Kyoga Lake Basin:
Species Common Name I1vinl!:o Nawamnasa Nakuwa
1. Crocidura mourisca Nothern Swamp Musk P
Shrew
2. Lutra macu/icollis Soot-necked Otter P p P
3. Alilax naludinosus Marsh Mongoose P p P
4. TrafTelnhus soekii Sitatunga p p p
5. Cercooithecus aethioos Vervet Monkey P p p.
In lake Mburo, the megafauna survey came up with 181 hippos (Hippopotamus
amphibius) and 6 Spot-necked Otters (Lutra macu/icollis). Fewer hippos (86) were
recorded in the deeper waters while the shallow waters on the west facing shoreline had
the greater number of hippos (95).
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Table 9: Showing the mammals in categories and with preferred habitats, local and
global ratings
Mammal group Preferred Global Local
habitat rating ratine:
Primates Scientific Name
Vervet Monkey Cercopithecus aethioos G NE W
Une:ulates
Sitatunga Traf?elaphus spekii Wt III L
Hippopotamuses Hippopotamus W V W
amohibius
Carnivores
Marsh Mongoose Hervestes ichneumon 0 W
Spot Necked Otter Lutra maculicolis Wt II W
Servaline Genet Genella servalina Gn W
The preferred habitat acronyms represent Grassland- G; Wetland (swamp or open water) _
Wt; and Generalist - Gn.
Global ratings based on Standard IUCN categories are also given for some of the species
where this is relevant and this shows none of the species as being of. considerable
conservation status.
The extra column for the local rating probably carries more significance for purposes of
this study. The Sitatunga is a species of wetland habitats, particularly preferring papyrus
swamp. In many places il} Uganda the extent of this kind of swamp continues to be
exerted upon resulting into a loss of habitat for this species. The rest of the large mammal
species recorded are generally widespread (W) in the country, although Kingdon (1997)
suggested that Hippos are considered very vulnerable to determined hunting despite their
extensive overall range.
The Spot Necked Otter Lutra maculicolis is still locally abundant on the Africa wide
scale but is on the retreat in many areas.
Small Mammals
These include the non-violent rodents, insectivores and small camivores and the violent
bats. Although not of very much apparent economic worth, these are a very significant
component of any terrestrial ecosystem. Impacts on the dynamics of their populations,
species composition and preferred habitats may have gross and irreversible impact on the
ecosystem for the larger species of mammals.
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Large mammals
These are large and conspicuous that do not require intrusive methods to document their
presence. In this category are included groups of mammals such as the primates,
ungulates and carnivores.
The non-violent small mammals
Table 10: Showing species of the non-violent small mammals yet to be caught in the
study areas
Preferred habitat
Order Insectivora
1. Crocidura hildegardae Gn
2. Croeidurajaeksoni G
3. Croeidura turba Gn
4. Croeidura pianieeps Gn
Order Rodentia
5. Aethomvs kaiseri G
6. Grammomys doliehurus B
7. Lemniseomys barbarus G
8. Lemniseomys striatus G
9. Lophuromys f/avopunetatus Gn
10. Lophuromys sikapusi G
11. Mus watus
12. Mus minutoides Gn
13. Xerus erythropus 0
14. Thryonomys :<re:<orianus G
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Table 11: The volent small mammals or Bats yet to be recorded
5.
6.
7.
E aulleted Fruit Bat
E tian fruit Bats
An olan fruit Bats
Dwarf E aulleted fruit Bat
Yellow Win ed Bat
7.0 THREATS AND THEIR CONSEQUENCES
The shores of Lake Victoria are having increased human activity, which may be harmful
to the survival of amphibian species and associated biodiversity such as birds and
mammals that feed on them. Apart from the traditional activities of fishing and trade, dam
construction, several fish factories, horticultural farming, building of beaches and other
infrastructure is on an increase along the shores and the surrounding habitats. It is not
well known what effect such activities are having on the survival of amphibians and other
related biological diversity.
8.0 INFORMATION GAPS
Few studies documenting the status of amphibians, reptiles and mammals have ever been
carried out in the study areas. This calls for an in depth research study that will give good
results on the current status of the fauna. The study carried out was a form of rapid
appraisal. This could have resulted in failure to record some of the predicted species. The
rapid appraisal also could not allow for sampling of the violent mammal species.
Some of the methods such as the Time Constrained Count (TCC) techniques could not be
utilised because of the short time of residence in each study area
9.0 STRATEGIES AND INTERACTIONS
A detailed study of the fauna shall continue looking at the following
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• Identification and documentation as far as possible the presence, distribution and
relative abundance of the species of mammals, amphibians and reptiles and habitat
types in the affected area with special reference to the area of expansion and areas
affected by project activities.
• Description of the conservation status e.g. IUCN Red List and CITES categories, if
known, of the fauna occurring in the area.
• Evaluation of the current slate of the fauna in the study area and any important
environmental constraints in terms of human impacts, from the perspective of
biodiversity conservation. A habitat map will be produced indicating areas of high
conservation value.
• Brief description of the ecology of the species identified wilh special attention given
any rare, threatened, endemic or near-endemic species. Particular reference will be
made to environmental factors likely to be altered by implementation of the landfill
expansion.
• Utilisation of more trap to improve on the trap area and trap success for small
• mammals.
• Utilisation of mist nets to catch the violent mammal species (i.e. bats)
• Spending more time (at least 4 nights) at each study area to counteract the
• Negative effect of rapid appraisal.
• Identification and assessment of the potential environmental short term and long term
impacts - positive and negative, of human activities on the flora and fauna in the area.
Likely changes in dynamics of any meta-populations will be included.
10.0 CONCLUSIONS AND RECOMMENDATIONS
It was clearly observed that the Majanji area is a unique area worth conserving, as it
contained one of the three know habilats of the Papyrus Rat (Pe/omy hopkinsi). The site's
proximity with the border with Kenya makes this habitat worth conserving jointly. Lake
Wamala is another important habitat, especially for its extensive swamp and floating
islands. These sites are not only good for conservation of mammals but were also observed
to equally contain high diversity of amphibians.
However for reptiles, the lakes in the rather arid countryside (Koki Lakes) seem to be more
important in the conservation of this group.
In the Kyoga Lake Basin, Lake Nawampasa stands out as the most important habitat for
amphibians while Ilyingo strikes a balance for the three indicator taxa studied.
I
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Chapter 13
Genetic Status of Selected Fish Taxa In Relation to Conservation
of Genetic and Species Diversity in the Victoria and Kyoga Lake
Basins'
Changes in the Ecosystem, Genetic Status and Biodiversity of Tilapiines in the
Victoria and Kypga Lake Basins
Genetic Diversity
Biodiversity and Genetic studies of the Cichlids and the Status of Genetic Studies of
Non-cichlids of the African Great lakes region.
Cichlids are known for their explosive radiation especially in the African Great Lakes
marked with a high level of lake endemism. These fishes have been characterized mainly
along trophic and habitat differences, by variation in morphological structures such as
teeth aIid jaws and by differences in body shape and coloration. Cichlids are important as
a microcosm of macroevolution. The explosive radiation, young evolutionary scale, and
the isolation of groups characterized with high levels of endemism and presence of living
fossils makes the group important for evolutionary and genetic studies. Lake Victoria
region cichlids which are isolated and relatively more recent in evolution were the last to
be appreciated in their diversity. Recently Ole Seehausen has found scores of rock fishes
in Lake Victoria which were up to then thought to be absent from the Lake and only
known to occur in Lakes Malawi and Tanganyika.
Greenwood put together the species groups of Lake Victoria, and later in the early 1980's
revised the classification of haplochromine species to reflect the phyletic origin and
interrelationship of the various groups in Lake Victoria region. Melan Stiassny has been
interested in early evolution of cichlids while the likes of Paul Fuerst and Lees Kaufman
and Axel Meyer have been interested and are working to explain the speciation
mechanisms responsible for the explosive radiation and evolution of cicWids. Locally
S.B Wandera and his student Getrude Namulemo are spearheading the biodiversity and
taxonomic studies of cichlids in Lake Victoria region.
Kaufman is finding a more recent time in the split of groups between lake cichlids and
riverine types with a number of specific morphological differences .. The two habitats
have also been found to be different in the number & diversity of species. Lacustrine
waters contain far much bigger species numbers, population sizes and species diversity
than rivers
Among the three African Great Lakes are vast varieties of Cichlid and non-Cichlid
species with the Cichlids exhibiting such remarkable endemism and different
phylogenetic histories.
Of all the species the haplochromine complexes have the greatest propensity to show the
changes that have characterized the three African Great Lakes. Lake Tanganyika contains
ancient lineages such as ptyochromis reflecting its relatively much more ancient origin of
5-12 million years ago, while Lake Malawi is known to be 1.5 million years, Lake
Victoria the youngest of the three is thought to have been formed only 750,000 years
back and is known to have last completely dried up as recent as 12,000 years habour the
youngest of the species complexes.
Lake Victoria Lake Malawi Lake Tanganyika
Haplochromines -600 -1000 120 - 150
Tilapias 2 3-4 1
Lamprogines 0 0 40 - 70
Non-cichlids 38 >40 120+
In East Africa looking down through Lake Victoria , Lake Malawi and then Lake
Tanganyika Cichlid species complexes it offers a masque microscope for evolution. This
is though hampered by the problem in identification of the many close related species
believed to be flocks especially in the young systems such as lakes Victoria and Malawi.
Coloration provides a clue but limited one. Other characters such as dentition have been
employed but are tideous and may fail to differentiate taxa at the species level in such
cases as of trophically generalized complexes. There is also limitation in that
combination of coloration and dentition as taxonomic tools they has to encompass all
variation, and this requires tremendous amount of knowledge of the vast variety of
species. In some species complexes understanding the difference in tooth structure
requires studies of ontogenetic development of the contained species. Some species
because in some cases are known to have arisen by arresting the development at different
stages of the generalised types a phenomenon Greenwood termed species that are known
to have given rise to a multitude of others through such phenomenon as factory types.
These factory prototypes have been found to be morphologically plastic with substantial
propensity to change.
Kaufman has categorised the species complexes of Lake Victoria region into three main
groups according to their ecology and phyletic relationship.
Matrix taxa - these are wide spread in rivers and occasionally invade lakes. These include
groups such as Pseudocrenilabrus, Astatoreochromis, Astatotilapia bloyeti.
Explosive taxa - lacustrine in nature and are common in the disturbed lakes. They are
hypothesised to be progenitors and exhibit high levels of adaptive divergence. For
example the lacustrine Astatotilapia spp and Paralabidochromis spp. These groups have
been likened to the stickle back fishes which also show enormous adaptive divergence.
Fragile ta'{a - are usually characterised by rapid speciation without adaptive change.
Speciation is achieved through little movements.of fishes and by mechanisms such.as the
original refilling of the Lake Victoria after the 'drying up. According to Greenwood's list,
Lake Victoria region is known to contain nearly 200 known and described species,
approximately 200 known but undescribed species, nearly 200 known with no archival
data, and an infinite number of unknown species.
Lake Victoria prior to 1980 was characterised mainly by fragile taxa but by late 1980s
explosive taxa started to dominate the system. Satellite lakes such as Lake Nawampasa
have been found to have species complexes equivalent to original Lake Victoria groups
prior to the 1980's. While Lakes Edward and George contain cichlid species mainly at
the fragile taxa stage.
With development of new tools, such as molecular methods, various local and
international scientists are looking to collaborate with the morphologists and taxonomists
in an attempt to describe remaining taxa and clarify on questions and issues that have
been contentious in cichlid studies especially their phylogeny and mechanisms of origin.
Molecular tools are also being employed to study genetic population structures of
commercially important cichlids as well as species such as Astatoreochromis alluaudii
which represent major species complexes in the region.
Incorporation of molecular methods in the study of haplochromines and cichlids in
general will hasten genetic studies and collaborate findings of the morphological and
ecological work. In view of limited resources, clearer differentiation among
species/population ecologically or evolutionary is a prerequisite to the effective
management of fish biodiversity in African Great Lakes Region amid other competing
needs such economic activities on the respective water bodies. Molecular tools provide a
much fine differentiation and clear relationships among taxa as many of these molecular
tools have been shown not to be affected by environmental differences and ecological
changes.
The state of the genetic studies in the all African great lakes despite the huge interest is
still poor. Of recent international collaboration interests and collaborators has led to
increase in genetic studies for cichlids In a much worse state is the status or genetic
studies of non-cichlids in which only a few species have been genetically studied even by
international scientists yet in all of the African Great Lakes non-cichlids species are or
were of great commercial importance and in most cases formed the main stay of the
fishery.
Several other non-eichlid species are currently ranked as threatened or endangered in
Lake Victoria region. A whole range of Barbus, cat fishes and labeines are in quite
ecologically poor state. The Labeo which once formed the main riverine fishery and
produced over 250 tonnes annually has been relegated to small pockets within the lake
Barbus altianalis originally second to Ningu in riverine fishes has also crumpled and is
currently a rare occurrence. For several of such species we can alternatively manage,
conserve or ever develop them if we can show that there are still ecologically and.
genetically viable.
Changes in Ecology, Genetics and Biodiversity of Tilapiine Species in the Victoria
Lake Basin.
"
Priar ta the 1960s the twa native species .ofLake Victaria regian Oreochromis esculentus
and Oreochromis esculentus farmed the mainstay .of the fishery. Increased fishing
pressure due ta increased fish demand and use .ofmare efficient fishing gear led ta the
callapse .of the native Tilapiine fishery. Effarts ta augment the fishery stacks were
initiated as early as the 1930s after the Graham's fisheries survey repart .ofLake Victaria.
Since then nan indigenaus tilapiines species and eventually the Nile perch were
introduced.
Overfishing and mal-explaitatian were the key factars in the callapse .of the native
tilapiine species. Establishment .of the nan-indigenaus species which included the
predatary Nile perch and Nile tilapia served ta further curtail the recavery .of the
indigenaus farms. Oreochromis esculentus has campletely displaced from Lake Victaria
and Kyaga and is .only faund in few .of the minar satellite lakes araund Victaria and
Kyaga. 0. variabilis has been rdegated ta small pbcke,ts within Lake Victaria but '.
campletely displaced aut .ofLake Kyaga. It is still extant in sectian .ofthe Nile between
Lake Victaria and Lake Kyaga and in several .of the minar satellite dams araund Lake
Kyaga.
Limnalagical changes witnessed since the increased lake levels .ofthe early 1960s from a
predaminathly diatamaus Lakes Kyaga and Victaria ta blue green lakes alsa served ta
alieniate the native tilapiine species further whase diet was camprised largely .ofdiatams.
Nile tilapia can use blue greens while esculentus cannat.
Of the nan indegenaus species, 0. leucostictus and T zilli were the mast prevatent in
Lake Victaria by the early 1960s. These were easily autcampeted and reduced ta
frequent but nan damiant status as mare mare abundant Nile tilapia which tagether with
Nile perch farms the main stay .of the fishery in Lake Victaria Regianal became,
established. Nile tilapia naw .occursin almast all waters in the regian save far same few
minar lakes. Other species include, Tilapia rendali which is .ofrare occurrence. Genetic
analysis .of Tilapiines has shawn the Nile tilapia ta mast variable while 0. esculentus
turned aut ta be the least variable. This is certainly a generalized abservatians but there
are lakes especially where 0. esculentus daes nat caexist with any ather Tilapiine and is
.ofsizeable papulatian, shaws relatively high genetic variability. Mast .ofthe papulatians
.of the native tilapiine species and ather introduced species with the exceptian .of 0.
niloticus exhibit high papulatian subdivisian as distinctivess. A situatian attributed ta
seine reductian in papulatian size and isalatian .ofthe remnant papulatian.
Anather issue .of cancern is lass .of variability and increased in-breeding levels sizes.
Thus reductian in species in what wauld be heavens .ofthe remnant papulatians .ofnative
tilapiines is excessive fishing pressure an the minar satellite lakes. This decrease in
papulatian size and in isalatian .ofpapulatian units curtails general flaw- and makes
species valuable ta effects .ofinbreeding.
Anather problem is the faunder. Many .ofTilapiine species including native species were
intraduced an several .of the satellite lakes from a small base. Only small part .of the
.originvariatian was used ta establish these populatians. Our results have shawn such
population units to be relatively less variable and very distinct from each other. And
perhaps would served better when treated as distinct populations than a sign species unit.
Efforts should be made to regulate National movement of life specimens offish species
and ban deliberate introductions that are not based on clear understanding of the fish
population structure and ecology. Perhaps dividing populations can be boosted through
hatchery science conducted in such a way that it maximizes variability
CHAPTER13B
Characterization of Genetic Biodiversity of Nile perch, Lates niloticus, Tilapiines,
Haplochromine flock and Ningu (Labeo victorian us) in the Victoria Lake Basin: an
overview
By Mwanja Wilson, Ogutu-Ohwayo, R. National Agricultural Research Organisation,
Fisheries Research Institute, P.D. Box 343, Jinja (U)
Introduction
Genetic biodiversity is the variation among individuals within and between units of
interbreeding individuals (populations) of a species. It includes. inheritable and
transmittable differences that occur between individuals and/or populations of a given
species through reproductive interaction. There exists enormous variability among
individuals and/or populations of a species for most living organisms, and most of this
variation is inheritable. Differences among individuals arise through mutation and via
recombination of genes during meiosis. These differences are then transmitted to
successive generations through sexual reproduction and maintained in the populations
through processes such as natural selection and genetic drift. Unfortunately much of this
variation is normally threatened and often in danger of extinction because most focus in
conservation of natural resources is put at saving species or habitats than varieties or
strains of a species.
Evolutionary forces such as natural selection and genetic drift act on individual level
rather than at species level. It is now increasingly understood and agreed upon by most
natural scientists that conservation efforts should be targeted at protecting as much
variation as possible at population level rather than only at mainteJ,lanceor protection of a
species because protection of individual variation (genetic biodiversity) ensures
evolutionary continuity of the species. For survival of a species is measure of
conservation efforts at the individual or population level. Maintenance of genetic
biodiversity though is normally constrained by resources, and most times conservation
efforts are started only after remnant populations of a species are noticed to be in danger
rather than dealing with the status of individual populations.
There is need to genetically identify and characterize all extant variation for all flora and
fauna. This guards against loss of strains or variation without knowledge. It also boosts
the genetic bank from which genetic improvements are sought and can be made for the
economically important strains or species. The inventory of genetics biodiversity assists
in protection of vital habitats that contain key strains. The inventory helps in allocation
of resources to the protection of a species which may be geographically widely
distributed. In case of mitigation efforts understanding of genetic relationship between
populations is essential for protection of locally adapted variation or restoration of
endangered taxa.
Below are evaluations of preliminary studies of genetic biodiversity of key taxa in the
Lake Victoria Region (LVR). These species or groups of species are singled out because
,
of their economical and/or ecological roles in the system. The list includes the
introduced Nile perch, exotic and native tilapiine species, the Ningu and the
haplochromine flock.
Nile perch (Lates niloticus)
Although the introduction of Nile perch, Lates niloticus, to lake Victoria has received
intense global attention, especially in relation to its impact upon endemic cichlid species
and the yields from its fishery, fundamental information on its taxonomy and population
genetics is lacking. Most importantly, the introduced fish originated from two lakes
(Lakes Albert and Turkana) containing three Lates species, and it has never been entirely
clear which of these became established in Lake Victoria, or indeed whether the Lake
Victoria population is derived from hybridization between Lates species. In addition,
genetic drift caused by the relatively small founder population (approx. 400), the initially
slow population increase followed by a period of explosive population growth and
selection pressures in the new environment may have resulted in substantial genetic
changes.
In this study, allozyme electrophoresis has been used to assess taxonomic affinities of
Lake Victoria Lates to possible source populations. Results suggest strongly that the
survivors of the introduced fish were indeed L. niloticus from Lake Albert. In contrast,
none of the other species appears to have become established in Lake Victoria.
Introduced populations in lakes Kyoga and Nabugabo were likely derived from Lake
Albert L. niloticus as well.
Our results indicate a loss of genetic variability both during and after the introductions of
Nile perch to Lakes Victoria and Kyoga. In addition, introduced Nile perch from these
two lakes were genetically differentiated, suggesting genetic drift following each of the
introductions. The reduction in genetic variability and subsequent genetic differentiation
. may affect the adaptability and thus the persistence .of the introduced population in the
rapidly changing environment of Lake Victoria, and may therefore have implicatic;ms for
the management of the fishery as well as for the conservation of endangered cichlids.
Ningu (Labeo victorian us)
Ningu, Labeo victorian us, is an endemic cyprinid fish cherished as a delicacy by the
peoples of the Lake Victoria and Lake Kyoga basins. Ningu was heavily sought prior to
the 1960s, but subsequently has become commercially extinct. The population declined
drastically in size, due to the combined effects of the introduction of modem nylon fiber
nets, the practice of drift netting at the river mouths during upstream migration, and the
introduction of competing non-indigenous fishes in the two basins and degradation of its
habitat. It is now extant only as small, isolated populations of little commercial value.
The genetic characterization of the remaining natural population of ningu was examined.
The method of randomly amplified polymorphic DNA (RAPD) was used to identify
molecular markers in order to characterize three of the remnant populations of ningu, and
to compare these populations with samples from two allopatric congeners, L. horie and L.
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coubie from Lake Albert. The ningu populations were found to be markedly
differentiated by locality. Genetic differences between populations account for 64.4% of
the total genetic variation within ningu. Comparisons of genetic variability between the
three species shows that the ningu retains slightly more variation per population than is
seen in the other forms. For each of the three species of Labeo, gene diversity within
population measured by RAPDs was relatively low. Labeo populations had lower levels
of genetic variation than was observed in samples from Lake Albert of the cyprinid
. Barbus bynii, and the characid species H baremose, or than had been previously
observedin several tilapiine cichlids from the Lake Victoria basin. Natal stream fidelity
would seem to play an important role in leading to genetic differences between local
populations of the ningu, since it can lead to population isolation. Given the recent
severe decline in population size, and the evidence for significant isolation and
differentiation between populations, further studies are urgently needed to evaluate the
genetic constitution of ningu populations and develop a plan to conserve genetic
resources of the species to increase the potential for long term survival.
Tilapiines (Oreochromis species)
Four .microsatellite marker loci were used to estimate genetic diversity and degree of
genetic differentiation among populations within the species of the principal tilapiine
genus, Oreochromis niloticus, of the Lake Victoria Region (LVR). The tilapiine fauna of
the LVR includes a number of forms: two native species, Oreochromis esculentus and 0.
variabilis, and several non-indigenous species. The Nile tilapia, 0. niloticus, which is an
introduced species in LVR, is currently the most abundant tilapiine. Microsatellite
analysis of Oreochromis populations showed clear differentiation among populations.
The microsatellite technique revealed sufficient molecular variation to differentiate
among populations and species. The Nile tilapia was the least differentiated among
populations, while 0. esculentus exhibited the highest level of population subdivision.
Among Nile tilapia populations, the Nabugabo population was closest to the Lake
Edward population while Napoleon Gulf, Lake Kyoga, and Namasagali (Victoria Nile)
populations clustered with Lake Albert and George populations. All trees generated
indicate 0. esculentus as being closer to 0. leucostictus and 0. variabilis, than to 0.
niloticus, the supposed sister species.
The Nile tilapia (Oreochomis niloticus)
Molecular genetic methods have been used to investigate the historical population
patterns resulting from introduction of the Nile tilapia into the lakes of Uganda. Genetic
polymorphisms were studied in populations of Oreochromis niloticus from the Lake
Victoria basin and the Lake Kyoga basin, in both of which it is not native. Genetic
variations was also studied in populations from Lake Albert and the Lake Edward-George
system, from which transplanted Nile tilapia populations of lakes Victoria and Kyoga are
thought to have originated. Genetic variation was determined using the method of
Randomly Amplified Polymorphic DNA (RAPD). Genetic differences between
populations have been determined by measuring RAPD band sharing and calculating
genetic similarity from the percent of band sharing. Populations within a lake basin (i.e.
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Lake Victoria or Lake Kyoga) were more similar to each other than to populations from
other basins. Populations from the Lake Victoria basin were more similar to the putative
source population of Lake Edward than to other possible sources, while the populations
from Lake Kyoga were more similar to the putative source population sampled from
Lake Albert. Populations from the Lake Kyoga basin were less diverse than those from
the Lake Victoria basin, consistent with the hypothesis that introductions into Lake
Kyoga are more recent and that a more diverse set of introductions may have contributed
to the older populations of Lake Victoria.
Haplochromine species
Most genetics studies of haplochromine species of the LVR prior to studies by Fuerst at
Ohio State University and Kaufman at Boston University have been focussed on species
radiation, phylogenetics and loss of species. Our studies have been broadened to include
detailed studies of individual key haplochromine species. In our on going studies we have.
selected several key species (Wu et al. 1999) representative of extant genera as defined
by Greenwood (1981). Among the reasons for lack of studies on the population genetics
of haplochromine species was the depuaperate nature of genetic variation of
haplochromine species as revealed by the conventional molecular markers. such as
allozyme (Sage et al. 1984) and mitochondrial DNA sequencing (Meyeret al. 1990). The
evolutionary younger nature of haplochromine species and their history .of recent
divergence made such molecular tools useless in differentiating individuals and/or
populations within species. But with the recent advancement in molecular technology,
development of techniques such as RAPDs and microsatellites has enabled us to generate
genetic markers which have revealed a high level of genetic diversity within and among
populations of key representative species of the haplochromine flock of the LVR.. This
studies have greatly improved the ability to discern relationships among individuals
within a population and between populations of haplochromine species as well as allow
us to detail phyletic relationships among species.
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CHAPTER 14
The role of nearshore areas and other refugia in survival of fishes especially
haplochromines in Lake Victoria, with specific reference to Napoleon Gulf
Introduction
Before introduction and establishment of the Nile perch Lates niloticus, haplochromines were
the most abundance group of fishes in Lake Victoria, Kyoga and Nabugabo. They formed at
least 83%, by weight of the fish biomass in Lake Victoria up to early 1980s (Kudhongania &
Cordone 1974, Okaronon et ai, 1985). They occupied virtually all trophic levels and played an
important role in the flow of organic matter in these ecosystems. Each species had its own
unique combination of food and habitat preference (van Oijen 1982, Goldschmidt et al 1990).
Up to eleven trophic groups were identified in the Mwanza Gulf van Oijen op. cit.). These
included; phytoplanktivores, detritivores, algal grazers, plant eaters, molluscivores, parasite
eaters, zooplanktivores, insectivores, piscivores, paedophages, and scale eaters. The
detritivorous/ phytoplanktivores and the pelagic phytoplanktivores together constituted about
50% of the total haplochromine biomass in the lake (Goldschmidt 1986, Witte & van Oijen
1990).
By 1990, haplochromines comprised less than 2% of the biomass, (Ogutu-Ohwayo, 1990; Witte
et al., 1992). During trawl surveys of 1993/95 in the Ugandan offshore waters of Lake Victoria,
haplochromines comprised 0.2% of the biomass (Okaronon, 1994). This mass extinction has
been attributed to predation by an introduced predator Lates niloticus ( Nile perch). First
introduced into Lake Victoria in 1954, its numbers exploded in the early 1980s and this was
accompanied by rapid disappearance of the haplochromine stocks (Witte et ai, 1992). Although
the Nile perch population boom and haplochromine crush correlate in time, it is evident that
Nile perch is but one of many causes of the haplochromine decline (Kaufman, 1992).
Decline in haplochromine species was accompanied by drastic changes in biological and
physico-chemical conditions especially in Lake Victoria. Algal biomass in Lake Victoria
increased four to five times, phytoplankton production doubled and water transparency
decreased (Muggide 1992, 1993). Decay of the excess organic matter has depleted the water
column of oxygen leading to development of anoxic conditions in water deeper than 40 m. This
has reduced habitable space for many fish species and is thought to have driven deep water
haplochromines to shallower areas where they fell easy prey to Nile perch (Hecky, 1993). The
disruption and, reduction of the diverse and trophically complex haplochromine community by
the Nile perch seems to have initiated changes in food web structure of the lakes e.g by reducing
grazing pressure which may have led to accumulation of excess organic matter and some of the
changes discussed above (Ogutu-Ohwayo & Hecky, 1991). Algal composition has changed and
became now dominated by blue-greens. The blue-greens were the major food source of the
detritivorous/planktivorous haplochromines and the pelagic phytoplanktivores. Together these
two trophic groups constituted about 50% of the total haplochromine bionass. in the lake
(Goldscmidt, 1986; Witte and van Oijen, 1990). Their depletion could have reduced grazing
pressure, leaving most of the algal biomass produced in the lake unconsumed.
There were differences in the rate of decline within as well as between, trophic groups (Witte et
al., 1992). Molluscivores, insectivores and epiphytic algal grazers survived in the shallow
littoral zone (Witte et al op. cit.) The Least affected were the rock frequenting haplochromines
particularly the permanent rock dwellers which live between boulders and in rock crevices in
which they hide from Nile perch.
Recent assessment of fish stocks of Lake Victoria have concentrated in deep waters of Lake
Victoria (Okaranon, 1994) and these suggest that haplochromines and other native species are
virtually absent from Lake Victoria. Some studies have, however, shown that some of the
endangered species survive near shore areas especially with vegetated and rocky shores. The
objective of this study was to examine the composition and relative abundance especially of
haplochromine cichlids in the nearshore areas of Lake Victoria.
Objectives
The major objective of the study was to quantify the distribution and relative abundance of the
surviving haplochromines in the littoral areas of Napoleon Gulf of Lake Victoria. This was be
achieved by examining:
Relative abundance and distribution of the different fish taxa.
11 Relative abundance and distribution of haplochromine speciess.
Study Areas
Specimens were collected from Napoleon Gulf in the northern region of Lake Victoria. The
study covered four stations which were representative of four habitat types namely: Rocky
substrate (Rwamafuta and Kikondo); macrophyte cover habitat (Kiryowa); gentle slope
(Kirinya) and steep slope (Cliff) off Jinja Club (Figure I).
The description of the sampling sites was as follows:
Kiryowa:
Cliff:
Kikondo:
Kirinya:
This site is located at the mouth of the Bugungu stream. The shoreline was
dominated by papyrus, Cyperus papyrus, with some hippo grass, Vossia sp.,
towards the western end of the site. The shoreline vegetation was fringed by a
belt of Water hyacinth, Eichhornia crassipes, 2-3 m wide. The area had a
maximum depth of 6 m with a bottom substrate of submerged rock ..
This site is opposite the Kiryowa site. It is characterised by a steep slope ending
in an exposed clay shoreline with occassional stands of Vossia sp. From time to
time, the area was. invaded by the Water hyacinth which was later transported
away to the nearby source of the River Nile. The area has a maximum depth of
6 m with a bottom substrate of soft mud.
This site has a shoreline characterised by laterite rocks which extend into littoral
area giving it a bottom substrate of hard rock. The shoreline is for most part
covered by remnants of forest, in form of thickets which extend few metres into
the water. Stands of cattails (Typha sp.) and Water hyacinth occur among the
rock outcrops. Maximum depth is 10m.
This site is characterised by a gentle skJpe with a papyrus shoreline fringed by
Water hyacinth. M~imum depth was 4 m with a bottom of soft mud.
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Figure I, The map of Lake Victoria showing the sampling areas wilh an insel location 'map of Uganda
Rwamafuta: This site is located on a rocky island within the Buvuma Channel. It was
characterised by rocky outcrops along the shoreline and was exposed to strong
waves. Most of the time the area was covered with Water hyacinth. The bottom
has a substrate of submerged rock. Maximum depth was 4 m. The shoreline
was exposed and composed of hard gravel.
Material and Methods.
Fish specimens were collected using three fleets of gill nets. Each fleet consisted of one net of
mesh sizes 25.4 nun to 76.2 nun stretched at an interval of 12.7 nun. The three fleets of nets
were, at each station, set at three locations. The first location was along the shoreline and was
regarded as having been 1 m from the shore. The second fleet was at 20m and the third fleet at
200 m from the shore. Each of these stations was sampled once a month for twelve months
from October 1995 to September 1996. The nets were set at 18.00 hours in the evening and
retrieved at 7.00 hours the following morning.
The fish caught were sorted into different taxonomic groups and the number and weight of the
different taxa recorded. Haplochromine specimen were sorted according to mesh size of the net
and the position of the fleet, and then fixed in 5% formalin. Where possible, photographs of
fresh haplochromines were taken in the field to be used in later identification. Each sample was
labelled with time, date, mesh size, gill net fleet location and site, and taken to the laboratory for
further analysis. In the laboratory, the haplochromines were identified, where possible, to
species level using the key provided by Greenwood (1981). Identification ofhaplochromines to
species level was based on external morphological characters especially proportional
measurements, live colours, body markings, and dentition. The above characters and
measurements were compared with those of the species already described to determine the
species name. Specimen not identified to species level were given cheironyms.
In the analysis of overall relative abundance and distribution for all fish, haplochromines were
lumped together as one taxa. The relative abundance and spatial distribution of fish species at
each sampling station was determined by comparing the number and weight of the different fish
taxa caught in the three gill net fleets at different positions from the shore. To compare relative
abundance and distribution of the different fish taxa between the sites, catch data from the three
nets at the different sites were pooled and compared between stations. The current data of
overall relative abundance was finally compared with the pre-perch data.
Haplochromine fish species diversity was estimated using Shannon-Weaver Index of diversity
H' (pielou, 1969). The Diversity Index H' was calculated using the formula:
,
H' =-LP;log.Pi
iel
Where s is the number of species and Pi is the proportion by number, of each taxon in the
sample.
RESULTS
Overall relative abundance and distribution for all species
Overall, twelve fish taxa were recorded from all the five stations. The overall relative
importance of the most abundant fish taxa both by number and weight is illustrated in Figure 2.
Numerically, Nile perch was the most dominant (42.3%) followed by haplochromines (30.7%),
0. ni/oticus (12.2%), T. zillii (8.9%), S. afrofischeri (2.3%), B. sadleri (1.9%). Other fish
species recorded included M kannume, 0. leucostictus, S. victoriae, C. gariepinus, 0. variabilis
and P. aethiopicus. When weight is considered Nile perch contributed most (79.9%) followed
by haplochromines (7.8%), 0. ni/oticus (5.3%), T. zillii (3.7%), S. afrofischeri (0.9%), S.
victoriae (0.5%), B. sadleri (0.5%), M kannume (0.4%), 0. leucostictus (0.2%), P. aethiopicus
(0.2%), C. gariepinus (0.2%) and 0. variabilis (0.1%).
The average number of L. ni/oticus, Synodontis spp. and M kannume increased from the 0 m to
the 200 m positions, while that of haplochromines, 0. ni/oticus and T. zillii, B. sadleri, 0.
leucostictus, C. gariepinus and P. aethiopicus decreased from the 0 m to the 200 m positions
(Figure 3.). 0. variabi/is was recorded only from the Omposition. The highest total number of
fish was recorded in the 0 m, followed by the 20 m and then the 200 m positions.
Comparison between stations
Comparison of the most abundant fish taxa between stations is illustrated in Figure 4. L.
ni/oticus, haplochromines, 0. ni/oticus, and T. zillii were recorded from all the five stations.
The mean number of L. ni/oticus was highest in Rwamafuta followed by Kiryowa, Kirinya,
Kikondo, and lastly, Cliff. Haplochromines were most abundant in Kiryowa followed by
Kikondo, Rwamafuta, Kirinya and Cliff. 0. ni/oticus was most abundant in Kiryowa followed
by Rwamafuta, Kikondo, Cliff and Kirinya. The highest number of T. zillii was recorded from
Rwamafuta followed by Kiryowa, Kikondo, Kirinya and Cliff. S. afrofischeri was most
abundant in Cliff followed by Rwamafuta, Kikondo, Kiryowa and Kirinya. B. sadleri occurred
mostly in Kirinya followed by Kiryowa, Kikondo, Rwamafuta and Cliff.
Overall relative abundance and distribution of haplochromines
Overall, twenty two haplochromine species were recorded from all the five stations (Table I)
and these included Astatoreochromis alluaudi, Paralabidochromis "goldchest", Astoti/apia sp.,
Astatotilapia "bicuspid", Astotilapia nubi/a, Astatoti/apia "unicuspid", Neochromis nigricans,
Neochromis pseudonigricans, Neochromis "scraperteeth'~ Paralabidochromis "big eye ",
Paralabidochromis "blue deep-body", Paralabidochromis chi/otes, Paralabidochromis
crassi/abris, Paralabidochromis "curved head", Parabidochromis "rockcribensis",
Paralabidochromis "sharpteeth", Paralabidochromis "shortsnout", Paralabidochromis
"velvetblack", Paralabidochromis "yellowbars", Paralabidochromis "yellowbody",
Ptyochromis xenognathus, Harpagochromis guiarti and Prognathochromis paraguiarti.
The overall relative abundance of the most abundant haplochromine species both by number
and weight is illustrated in Figure 5. When numbers are considered, A. alluaudi was .the most
dominant (17.9%) followed by A. "unicuspid" (14.8%), P. paraguiarti (12.7%), P.
"yellowbody" (10.6%), P. "goldchest" (9.8%), H guiarti (7.5%), A. nubi/a (6.5%), A.
"bicuspid" (4.2%), N "scraperteeth" (3.2%), N nigricans (2.8%), P. crassi/abris (1.6%), P.
"velvetblack" (1.6%), P. "yellowbar" (1.3%), N pseudonigricans(1.2%), P. rockcribensis
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Table 1. The numerical abundance of haplochromine species at each station in the study area
Species Kirinya Kiryowa Cliff Kikondo Rwama Total
futa
A.alluaudi 5 304 0 6 1 316
P. "goldchest" 27 154 20 12 20 233
Astatotilapia sp. 0 18 0 0 0 18
A. "bicuspid" 11 34 3 14 25 87
A.nubila 45 110 1 3 1 160
A. "unicuspid" 8 45 27 289 3 372
Nnigricans 0 1 0 2 76 79
N pseudonigricans 0 0 0 4 29 33
N "scraperteeth" 0 18 12 45 1 76
P. "big eye" 0 16 0 3 0 19
P. "blue deep-body" 0 23 0 3 1 26
P.chilotes 1 3 0 12 1 16
P.crassilabris 0 18 0 7 13 38
P. "curved head" 0 10 0 0 0 10
P. "rockcribensis" 1 2 2 4 10 19
P. "sharpteeth" 0 3 0 0 0 3
P. "shortsnout" 0 2 0 .0 3 5
P. "velvetblack" 0 20 0 2 16 38
P. "yellowbars" 0 10 0 4 0 14
P. "yellowbody" 0 0 0 0 245 245
P.xenognathus 0 1 1 12 0 14
H.guiarti 22 113 7 33 0 175
P.paraguiarti 0 99 52 163 1 315
TOTAL 120 1004 125 618 446 2313
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(0.9%), Astatoti/apia sp. (0.8%), P. "shortsnoul" (0.7%), P. "blue deep-body" (0.6%), P.
xenognathus (0.5%), P. "sharpleeth" (0.4%), P. "bigeye" (0.4%), P. chi/otes (0.2%), and P.
"curved head" (0.2%), By weight, the most dominant species was A. alluaudi (20.9%) followed
by P. paraguiarti (16.5%), P. "goldchesl" (12.7%), H guiarli (11.8%), P. "yellowbody" (9.6%),
A. nubi/a (6.4%), A. "unicuspid" (5.4%), A. "bicuspid" (3.0%), Nnigricans (1.9%), N
"scraperleeth" (1.8%), P. crassi/abris (1.8%), P. "velvelblack" (1.4%), P. "yellowbars" (1.3%),
N pseudonigricans (0.9%), P. rockcribensis (0.9%), Astaloti/apia sp. (0.6%), P. "bigeye"
(0.5%), P. xenognathus (0.4%), P. chiloles (0.3%), P. "curved head" (0.3%), P. "sharpteelh"
(0.3%), and P. "shortsnout" (0.3%).
Distribution of the different haploehromine species varied with distance from the shoreline
(Figure 6). P. chi/otes, P. "bigeye", and P. "curved head" occurred only at the 0 m position
while Astatoti/apia sp. occurred only in the 200 m position. The average number of A.
"unicuspid" increased from the 0 m to the 200 m positions, while that of the remaining species
decreased from the 0 m to the 200 m position. Haploehromine species diversity at the different
stations based on Shannon Weaver Index of Diversity is illustrated in Figure 7. Haploehromine
species diversity was lowest at Cliff (0.52),followed by Kirinya (0.54), Rwamafuta (0.72),
Kikondo (1.12), and Kiryowa (1.52).
Population structure of haplochromines
The length frequency distribution of the most dominant haploehromine species is illustrated in
Figure 8. Virtually all the haploehromine eiehlids caught were between 6 em and 19 em total
length. The size range of the different species was as follows: 8 em to 15 em for A. alluaudi, 8
em to 19 em for P. paraguiarti, 6 em to 12 em for A. "unicuspid",7 em to 15 em for P.
"yellowbody", 8 em to 16 em for P. "goldchest", 9 em to 18 em for H guiarti, 8 em to 16 em for
A. nubi/a, 7 em to 12 em for A. "bicuspid", 8 em to 16 em for N nigricans, 7 em to 15 em for N
"scraperteeth", 8 em to 15 em for P. "velvetblack"and 8 em to 17 em for P. crassi/abris.
Relative abundance and distribution of haplochromines within stations.
Kiryowa
Twenty haploehromine species were recorded from Kiryowa. The relative importance of the
most abundant haploehromine species from Kiryowa both by number and weight is illustrated in
Figure 9. When numbers are considered, the most abundant species were, in order of
importance, A. alluaudi (37%), P. "goldchest" (13.8%), H guiarli (10.3%), A. nubi/a (9.2%), P.
paraguiarti (9.2%), A. "unicuspid" (4.5%), A. "bicuspid "(4.4%), P. "velvetblack" (1.8%),
ASlatoti/apia sp. (1.7%), P. crassi/abris (1.6%), N "scraperteeth" (1.6%), P. "blue deep-body"
(I %), P. "yellowbars" (1%), P. "sharpteeth" (1%), P. "bigeye" (0.8%), P. chi/otes (0.3%), P.
"rockcribensis" (0.3%), P. "shorlsnout" (0.2%), N nigricans (0.1%) and P. xenognalhus
(0.1%). When weight is considered A. alluaudi contributed most (37.2%) followed by P.
"goldchesl" (16.2%), H guiarli (14.6%), P. paraguiarti (9.1%), A. nubila (8.3%), A.
"bicuspid" (3.4%), P. crassi/abris (1.7%), P. "blue deep-body" (1.5%), A. "unicuspid" (1.4%),
Astatoti/apia sp. (1.1%), P. "bigeye" (0.9%), N "scraperteeth" (0.9%), P. "velvelblack" (0.8%),
P. "sharpteeth" (0.6%), P. chi/ales (0.4%), P. "shortsnoul" (0.3%), P. rockcribensis (0.2%), P."
yellowbars" (0.2%), P. xenognathus (0.1%), and N nigricans (0.03%).
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The distribution of the different haplochromine species varied from inshore to offshore (Figure
10). The average number of A. alluaudi, P. "goldchest", H guiarti, P. paraguiarti, and A.
nubila decreased from the 0 m to the 200 m positions while that of A. "unicuspid" increased
from the 0 m to the 200 m positions. P. xenognathus and N. nigricans occurred only in the 20
m position, while P. "velvetblack" and P. chilotes occured only in the 0 m position.
Cliff
Eight haplochromine species were recorded from Cliff. The relative importance of the most
abundant haplochromine species at Cliff both by number and weight is illustrated in Figure II.
By number, the order of abundance was P. paraguiarti (38.2%), A. "unicuspid" (21.5%), P.
"goldchest" (15.3%), N. "scraperteeth" (8.3%), P.""yellowbars" (5.5%), H guiarti (4.9%), A.
"bicuspid" (2.1%), P. rockcribensis (1.4%), N. nigricans (1.4%), A. nubila (0.7%) and P.
xenognathus (0.7%). When weight is considered P. prognathochromis (51.4%) was the most
dominant followed by P. "goldchest" (19.9%), P. "yellowbars" (7.9%), A.-,"unicuspid" (6.9%),
H guiarti (5.2%), N. "scraperteeth" (4.3%), A. nubila (1.1%), P. xenognathus (1.0%), N.
nigricans (0.8%), A "bicuspid" (0.7%) and P. "rockcribensis" (0.6%).
Distribution of the different haplochromine species varied from inshore to offshore (Figure 12).
The average number of P. "goldchest" decreased from the 0 m to the 200 m positions, while that
of A. "unicuspid" was equal at all the three positions. P. "rockcribensis" occurred at the 0 m
and 20 m positions. The remaining haplochromine species occurred only in the 0 m position.
Kikondo
Seventeen haplochromine species were recorded from Kikondo. The relative importance of the
most abundant species at Kikondo both by number and weight is illustrated in Figure 13. When
numbers are considered, the most abundant species were A. "unicuspid" (47.3%), P. paraguiarti
(25.4%), N. "scraperteeth" (8.4%), H guiarti (6.2%), A: bicuspid" (2.6%), P. xenognathus
(1.9%) P. "goldchest" (1.5%), P. crassilabris (1.1%), P. "yellowbars" (1.1%), A. alluaudi
(0.9%), N. pseudonigricans (0.7%), P. "curved head" (0.7%), A. nubila (0,6%), P. "blue deep-
body" (0.4%), N. nigricans (0.4%) and P. "velvetblack" (0.2%). When weight is considered, P.
paraguiarti contributed most (42.8%) followed by A. "unicuspid" (21.7%), H guiarti(l2.4%),
N. "scraperteeth" (5.0%), P. "goldchest" (2.5%), P. crassilabris (2.5%), A. "bicuspid" (2.2%),
P. "yellowbars", P. xenognathus (1.7%), P. "curved head" (1.4%), N. nigricans (1.2%), A.
alluaudi (1.2%), P. "blue deep-body" (1.0%), A. nubila (1.0%), N. pseudonigricans (0.8%) and
P. "velvetblack" (0.4%).
The distribution of the different haplochromine species varied from inshore to offshore (Figure
14). The average number of P. paraguiarti and N. "scraperteeth" decreased from the 0 m to the
200 m positions while that of A. "unicuspid" increased from the 0 m to the 200 m positions. The
remaining species occurred only in the 0 m position
Kirinya
'. Seven haplochromine species were recorded from Kirinya. The relative importance of the most
abundant haplochromine species at Kirinya both by number and weight is illustrated in Figure
15. When numbers are considered the most abundant species were, A. nubila (35.2%), P.
"goldchest" (21.1%), H guiarti (17.2%), A. "bucuspid" (7.0%), A. "unicuspid" (6.2%), P.
"yellowbars" (4.7%), A. alluaudi (4.7%), P. paraguiarti (2.3%), P. chilotes (0.8%), P.
rockcribensis (0.8%). When weight is considered, A. nubila contributed most (30.1 %) followed
by H guiarti (22.1%), P. "goldchest" (18.9%), A. alluaudi (8.1%), P. "yellowbars" (6.7%), A.
"bicuspid" (4.8%), P. paraguiarti (4.3%), A. "unicuspid" (2.6%), P. "rockcribensis" (1.6%) and
P. chilotes (0.7%).
Distribution ,)f the different haplochromine species varied from inshore to offshore (Figure 16).
The average number of A. nubila, P. "goldchest", H guiarti, and A. "unicuspid" decreased from
the 0 m to the 200 m positions. A. "bicuspid", A. alluaudi, and P. chilotes occurred only in the 0
m position. P. "yellowbars " and P. paraguiarti occurred in the 0 m and 200 m positions while
P. "rockcribensis" occrred only in the 20 m position.
Rwamafuta
Fifteen haplochromine species were recorded from Rwamafuta. The relative importance of the
most dominant haplochromine species at Rwamafuta both by number and weight is illustrated
in Figure 17. Numerically, P. "yellowbody" (57.6%) contributed most followed by N nigricans
(13.9%), N pseudonigricans (5.8%), A. "bicuspid" (5.8%), P. "goldchest" (4.7%), P.
"velvetblack" (3.7%), P. crassilabris (3.0%), P. rockcribensis (2.6%), A. "unicuspid" (0.7%), P.
"shortsnout" (0.7%), A. alluaudi (0.2%), P. paraguiarti (0.5%), A. nubila (0.2%), N
"scraperteeth" (0.2%), and P. guiarti (0.2%). When weight is considered P. "yellowbody" was
the most dominant (61.7%) followed by N nigricans (10.3%), P. "goldchest" (5.6%), N
pseudonigricans (4.7%), P. rockcribensis (3.8%), P. crassilabris (2.8%), A. "bicuspid" (2.7%),
P. "velvetblack" (0.7%), P. paraguiarti (0.7%), A. alluaudi (0.4%), H guiarti (0.3%), A.
"unicuspid" (0.3%), N "scraperteeth" (0.2%), andA. nubila (0.2%).
Distribution of the different species varied from inshore to offshore (Figure 18). The average
number of P. "yellowbody", N nigricans, P. "velvetblack" and P.. crassilabris decreased from
the 0 m to the 200 m position while that of P. rockcribensis increased from the 0 m to the 200 m
positions. N pseudonigricans, A. "bicuspid", N "scraperteeth ", and A. nubila occurred only at
the 0 m position.
Discussion
Comparison of current relative abundance with historical data is illustrated in Figure 19. In the
present study, twelve fish taxa were recorded. When numbers are considered, 1. niloticus
contributed most followed by haplochromines, 0. niloticus, T zillii, S. afrofischeri, B. sadleri,
M kannume, 0. leucostictus, S. victoriae, C. gariepinus, 0. variabilis, and P. aethiopicus.
When only native fish taxa are considered, the most abundant was haplochromines followed by
S. afrofischeri, B. sadleri, M kannume, S. victoriae, C. gariepinus, 0. variabilis and P.
aethiopicus. 0. variabilis was the only native tilapine recorded.
In gill net surveys carried out in the Napoleon Gulf by EAFFRO in 1956/57, before introduction
of exotic species, twelve fish taxa were recorded (Figure 19). The most dominant taxa,
numerically, by then was haplochromine cichlids (48%) followed by M kannume (22.5%), B.
docmac (8.7%), Tilapia spp. (7.4%), Labeo victorianus (5.2%), C. mossambicus (1.9%),
Gnathonemus spp.(1.8%), Alestes spp. (1.4%), P. aethiopicus (1.2%), B. altianalis (1%),
Mormyrus macrocephalus (0.6%) and Marcusenius spp. (0.3%). The tilapiines included 0.
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Fig. 19. Comparison of current relative abundance of fish taxa with
the pre. perch data
variabilis and 0. esculentus. Haplochromines and M kannume were caught at every station
while L. victorianus and C. mossambicus occured at a few stations.
In the present study, numbers of haplochromines, 0. niloticus, 0. variabilis, 0. leucosticus, 0.
esculentus, T. zillii, B. jacksoni, C. gariepinus, and P. aethiopicus were most abundant in the
inshore fleet decreasing outwards towards the open water whereas that of L. niloticus, and
Synodontis spp, were highest in the 200m offshore fleet decreasing towards the shoreline. Fish
species diversity decreased with increasing distance from the shoreline, which at all the sites
sampled, was fringed with aquatic macrophytes. Rwamafuta and Kikondo sites, both of which
are characterised by rocky shorelines, had a high species diversity also in the middle fleets.
Among the haplochromine cichlids, most species were most abundant in the 0 m position
decreasing outwards into the 200 m position except A. "unicuspids" which increased from 0 m
position to the 200 m position. Some species showed preference for particular habitats. Among
such species were N nigricans, and N pseudonigricans which occured mostly at Rwamafuta
and Kikondo both stations of which have rocky habitats. P. "yellowbody" was recorded only
from Rwamafuta. Astatotilapia sp. P. "sharp teeth" and P. "curved head" occured only at
Kiryowa. The rest of the species were recorded from several stations but in varying quantities.
Studies carried out before the introduction of Nile perch, showed that the majority of Lake
Victoria fishes lived in shallow inshore waters and that species had definite habitat prefernces so
that their relative abundance differed according to the habitat type (Beauchamp, 1956).
Greenwood (1974) noted that representatives of all trophic catagories could occur in several
habitats although the algal grazers and the species feeding on higher plants were restricted to
habitats or parts of habitats where there are rooted plants or, in the case of the grazers (e.g N
nigricans), suitable substrata for algal growth. It was also noted that some species may move
between habitats, or from one type of substrate to another. In Lake Victoria it seems probable
that some species will at times utilise this ability to shift habitats at least as a measure to avoid
adverse conditions (Fryer & Iles, 1972). In the 1989- I992 survey it was also found that
marginal swamps and rocky reefs were important refugia for indigenous species in Lake
Victoria (Kaufman & Ochumba, 1993). It was noted in the Mwanza Gulf of Lake Victoria
(Witte et al., 1992) that in a few habitats within the lake the original communities offish species
seem less affected, e.g the rock-dwelling haplochromines. Ogutu-Ohwayo (1993) noted that
many surviving species, especially haplochromines, in Lake Nabugabo were confined to
macrophytes along the lake margin.
Inshore areas with aquatic macrophytes may serve as both structural and in some cases low-
oxygen refugia for prey species from Nile perch. Nile perch is very sensitive to low-oxygen
conditions which may limit their interaction with prey species in hypoxic habitats (Fish 1956).
Schofield and Chapman (unpublished data) found several lines of evidence that Nile perch are
relatively intolerant of low-oxygen conditions including high threshlolds for aquatic surface
respiration relative to other indigenous fishes of the Lake Victoria basin, a faster time to loss of
equilibrium in hypoxic conditions than other species from the region, and a high critical oxygen.
tension. In addition, during fish kills on Lake Victoria, Nile perch exhibit higher mortality than
many indigenous species. It was also observed during fish kills on Lake Victoria that Nile perch
are more sensitive to low levels of dissolved oxygen, more so than many cichlids, thus prey
species could exploit hypoxic habitats as refugia from Nile perch. Chapman et aI (1995)
demonstrated that some of the cichlids from Lake Victoria can tolerate extremely low levels of
oxygen which may permit these fishes to use structural inshore habitats as refugia. In the
I•
present study dissolved oxygen levels, at all the sites, were lowest along the shoreline increasing
outwards into the open water.
Recent studies had indicated that haplochromine cichlids and other native species had been
depleted from Lake Victoria. This study has shown that some native species have survived in
the nearshore areas of the lake especialy areas with macrophytes. Ogutu-Ohwayo (1994) has
reported resurgence of native species, especially haplochromines in Lake Kyoga following
reduction of Nile perch stocks due to overfishing and enhancement of macrophyte refugia due to
the spread of Water hyacinth. Similar changes may take place in Lake Victoria especially as
Nile perch is subjected to heavy fishing pressure due to the ready market provided by the fish
processing plants.
Conclusion and Recommendations
Comparison of the fish catches recorded before introduction of Nile perch with those after its
introduction and establishment indicates that relative abundance of the various fish taxa in Lake
Victoria has changed. A fishery once dominated by cicWids (tilapiines and haplochromines) is
now dominated by the introduced predator, Lates niloticus, and some native species have either
disappeared or are extinct. The number of haplochromine species has also reduced.
The results also indicate that the distribution of the surviving native species in Lake Victoria has
not changed from what it was before the introduction of exotic species into the lake. The
surviving native species occur mostly in inshore areas with macrophyte cover and in areas with
rocky habitats. Their persistence with Nile perch may relate to their use of structural inshore
areas which may serve as refugia for prey species from Nile perch.
In view of the above observations, protection of macrophyte refugia and rocky outcrops would
be valuable in conservation of endangered fish species in Lake Victoria.
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CHAPTER 15
Biodiversity Values of Different Aquatic Systems, Habitats and Organisms in Relation
to Restoration and Sustaining of Biodiversity
Mbabazi D., Ogutu-Ohwayo R., Ndawula 1., Wandera S.B and Namulemo G.
Fisheries Research Institute,
P.o.Box 343,
Jinja.
Importance of Biodiversity values.
Biodiversity values provide objective data and advice from which policy makes could assess
the conservation options and determine optimal policies that would balance the needs of
conservation with the socio-economic needs of the people in the area.
Biodiversity ratings use the following criteria:
• Species richness
• Species rarity/uniqueness
Species richness is based on the total number of species that occur for each site/lake/river.
Species rarity/uniqueness is based on the number of sites/lakes/rivers at which a species
occurs.
Procedure
Species richness was determined by examining the number {)f species at each site/lake/river.
The site/lake/river with the most species was given a score of 5, the next 4 and soon up to I.
Species rarity/uniqueness was determined by examining the occurrence of different species in
different sites/lakes/rivers. A species found at only one site scored 3 for that site, species
found at two sites scored 2 for each site, species found at three sites scored 1 per site. The
total scores for each each site were then ranked; the top site scored 5, next 4 and so on up to
1.
Finally, the two ranks (species richness and species rarity) for each site totalled.
Total scores were interpreted in terms of biodiversity ratings .
• Very high, High, Medium, Low & Very low
• Special sites/lakes/rivers
~'.
Results
So far data on biodiversity has been collected in all the sampled lakes on algae, zooplankton,
macro-invertebrates and Fish. The biodiversity values have therefore been determined basing
on those four taxa (Table below).
2
,
•
THE RELATIVE BIODIVERSITY VALUES FOR THE DIFFERENT SAMPLED LAKES.
Mro Kra Wla Kja Kgi Nbo Vic Vie Kga Nsa Nwa Gti Ngo Agu Kwi Lma
Parameter Organism
Species richness Algae 4 3 2 0 0 0 0 5 2 0 0 I 0 0 0 0
Zooplankton 3 4 0 0 0 0 0 5 2 0 4 0 0 7 0 2
Macro-invertebrates 0 0 3 0 0 2 4 5 0 3 0 2 I 3 0 0
Fish 0 0 0 0 0 0 5 0 4 5 0 3 2 O. 0 0
Totall (Species 7 7 5 0 0 2 9 15 8 8 4 6 3 10 I 2
richness)
Species rarity Algae 3 0 2 0 0 I 0 4 5 0 0 0 0 0 0 0
Zooplankton 0 I 0 0 0 0 0 5 0 4 2 0 3 0 0 I
Macro-invertebrates 0 0 3 0 0 3 4 5 0 3 0 I 0 2 0 0
Fish 0 0 0 0 0 0 5 0 4 3 0 2 4 I 0 0
Total 2 (Species 3 I 5 0 0 4 9 14 9 10 2 3 7 3 0 3
rarity)
10 8 10 I 0 6 18 29 17 18 6' 9 10 13 I 3
Overall total (1+2)
M L M VL VL L H VH H H L L M M VL VL
S S S
Modified from (Fuller et al., 1997)
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Biodiversity value
Very high
High
Medium
Low
Very low
Rating (critical values are arbitrary)
>20
15-20
10-14
5-9
<5
•
The Victoria Nile had a very high. biodiversity value (29) as compared to lakes. High
biodiversity values were recorded in lakes Victoria, Nawampasa (18), and Kyoga (17),
Medium biodiversity values were also recorded in lakes Agu (13), Nyaguo and Wamala (10).
Low biodiversity values were recorded in lakes Gigati (9), Kachera (98), Nabugabo and
Nakuwa (6). Very low biodiversity values were recorded in lakes Lemwa (3), Kawi and
Kayanja (1) and Kayugi (0).
Discussion and Conclusion
The Victoria Nile had a very high biodiversity value as compared to lakes. This was mainly
because the river is a lotic ecosystem where as the lake is a lentic one, therefore there are
certain organisms which are purely lotic and may never be found in lentic ecosystems thus
giving Victoria Nile a high biodiversity value. There was also variation in within lakes
probably due to either the size of individual lakes or high habitat diversity or both. All those
lakes with medium biodiversity values and above were considered to be important for
biodiversitry conservation. However despite the low and very low biodiversity values
recorded in lakes Kachera, Kayanja and Kayugi they were still considered as special lakes for
biodiversity conservation because of the presence of Oreochromis esculentus which was I
abundant in the main lakes Victoria and Kyoga before the introduction of foreign species',and
is currently lacking.
Critical Habitats
• Macrophytes
• Rock crevices
• Inshore waters
• River mouths .
• Pelagic habitats
Macrophytes
Habitats with aquatic macrophytes have been found to support high species diversity i.e fish,
macro-invertebrates e.t.c.
Rock crevices
Rock crevices provide refugia the for endangered haplochromine species especially in Lake
Victoria and have high diversity of macro-invertebrates
-11
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Inshore waters
1. These habitats are associated with high diversity of flora and fauna
2. Provide breeding and nursery grounds of fish species and other organisms
Pelagic habitats
These habitats have less predation pressure from Nile perch and therefore provide suitable
habitats for some haplochromines especially Yssichromins species
• River mouths
These support high species diversity especially of fish and invertebrates including the
endangered Labeo victorian us
Endangered species
• Most haplochromines
• Labeo victorianus
• Synodontis victoriae
• Oreochromis variabilis
• Xenoclarias
• Barbus trispedopleura
• Cladocerans ( zooplankton)
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